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Understanding how habitat amount and configuration affect species richness, occurrence 
or abundance has been one of the major foci of research in ecology and biogeography, given its 
central importance for conservation planning and landscape management. We conducted bird 
point counts within clearcuts and mature pine stands of different sizes and configuration in 
working pine forest in north-central Mississippi to determine species associations. Early-
successional and mature pine focal species showed varying response to the proportion and 
proximity of vegetation conditions in the landscape. While elements of configuration exhibited a 
greater influence on predicted avian abundance in this landscape, meaning many species require 
a mosaic of habitat conditions that come from both early-successional and mature vegetation 
types. Efforts to combine management of timber and conservation of songbirds must consider 
both species’ habitat requirements and the distribution of these requirements in the landscape. 
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The southeastern United States encompasses some of the greatest biodiversity in North 
America, surpassing any other region on the continent (Jenkins, Van Houtan, Pimm & Sexton, 
2015). The North American Coastal Plain has been classified as a global hotspot for biodiversity 
and contains >1500 endemic plant species. The region also has experienced >70% loss of 
historical vegetation cover, most notably being grassland/marshes and savanna ecosystems 
(Noss, 2014). Multiple studies have shown that habitat loss is the primary threat to species 
persistence (Jenkins, Van Houtan, Pimm & Sexton, 2015; Beier, van Drielen & Kankam, 2001; 
Wigley et al. 2000), which may be driving steep declines observed in Southeastern bird 
populations over the last 50 years (Sauer et al. 2017).  Declines are especially precipitous in 
species adapted to disturbance-mediated vegetation types (e.g., grassland, early-successional, 
scrub-successional species) which may be indicative of more severe habitat loss than in those 
systems that are less-frequently disturbed (Askin, 2000; BirdLife International, 2018).   
Numerous bird species of conservation concern in the Southeast depend on early-
successional vegetative conditions for all or part of their life histories (Brennan & Kuvlesky, 
2005).  The East Gulf Coastal Plain Joint Venture (EGCPJV) has identified 29 priority species 
that have experienced long term declines and are labeled as at-risk species (Greene et al. 2020). 
Of the 29 species, 12 rely on early-successional vegetative conditions. In forest-dominated 
systems of the Southeastern Coastal Plain region, early-successional vegetative structure driven 
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by forest management regimes may produce ephemeral vegetative conditions for migratory and 
resident bird species. Both facultative grassland and scrub-successional species that are currently 
experiencing long-term, continental population declines are regularly found using regenerating 
planted pine forests. Species such as American Kestrel (Falco sparverius), Eastern Bluebird 
(Sialia sialis), Northern Bobwhite (Colinus virginianus), Prairie Warbler (Setophaga discolor), 
Field Sparrow (Spizella pusilla), Common Yellowthroat (Geothlypis trichas), Brown Thrasher 
(Toxostoma rufum), Indigo Bunting (Passerina cyanea) and many others use early-successional 
forest as part of a wider array of conditions to meet life requirements.   
Working pine forests are essential to the Mississippi economy, but may also provide a 
mosaic of critical early-successional conditions for avian communities, including conservation 
priority species (Miller, Wigley & Miller, 2009). Such a mixture of stand ages and types 
enhances landscape heterogeneity and promotes plant and animal diversity (Loehle et al. 2005; 
Mitchell et al. 2006). This is especially important because planted pine forests comprise 19% of 
southeastern forests, of which about two-thirds are privately-owned commercial and family 
forests (Wear & Greis, 2012). Given the extensive coverage and ongoing demand for forest 
products, it is critical to enhance our understanding of how forest management activities 
influence avian diversity at the landscape scale. Although some information is available on bird 
species’ relationships with stand-level vegetative characteristics (e.g., Jones, Hanberry & 
Demarais, 2009), there remains a substantial gap in understanding associations of early-
successional bird communities with landscape-level factors in young pine stands. There is 
potential for ecological value from forest management practices for early- and scrub-
successional species, most of which has not been considered in decisions regarding forest 
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management. Understanding these issues at a landscape level, using current landscape ecology 
hypotheses, can better inform scientists about these problems and potential solutions to them. 
Landscape ecology is a relatively young sub-discipline and, since its inception, has 
sought to understand how landscape patterns influence ecological processes. Landscape ecology 
was born from interdisciplinary foundations in geography (e.g., Neef, 1967) and ecology. One of 
the most famous early works that now serves as a major underpinning of landscape ecology was 
that of MacArthur and Wilson (1967) in their seminal work, Theory of Island Biogeography. In 
their theory (and subsequently in the works of Simberloff & Cox, 1987), it is suggested that a 
number of species exist in a dynamic equilibrium driven by immigration and extinction of 
species in an island environment, and that equilibria shift depending on island size and distance 
from the mainland or source population (MacArthur & Wilson, 1967). Though originally framed 
in the context of true, oceanic islands, island biogeography theory was quickly extended to 
terrestrial systems in the context of suitable habitat islands (e.g., patches or “fragments”) in a 
matrix of less-than-suitable land use or land cover types for a wide range of taxa, including 
plants (Piessens, Honnay, Nackaerts & Hermy, 2004; Galanes & Thomlinson, 2011), birds 
(Freemark & Merriam, 1986; van Dorp & Opdam, 1987; Beier, van Drielen & Kankam, 2002; 
Uezu & Metzger, 2011), mammals (Holland & Bennett, 2009), amphibians (Parris, 2006) and 
insects (Fenoglio, Salvo, Videla & Valladares, 2010; Öckinger, Lindborg, Sjödin & Bommarco, 
2012). 
As a result, the concept in which species habitat patches are surrounded by an 
inhospitable matrix has been a central topic in landscape ecology and much studied by scientists 
to determine landscape contexts that maximize biodiversity.  Fahrig (2013) describes the notion 
that habitat patch boundaries contain or delimit populations and communities, such that each 
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patch represents a meaningful ecological entity as the habitat patch concept. However, she 
questions the utility of the habitat patch concept as species rarely restrict their habitat use to 
geographically defined areas. Thus, Fahrig, as well as many other scientists, have suggested 
limits to applications of Island Biogeography Theory to “fragmented” habitats in terrestrial 
landscapes since their inception.  Many studies have shown that the complexity of the landscape 
matrix is of great importance in maintaining biodiversity at the landscape-level (Norton, 1998; 
Lindenmayer & Franklin, 2002; Fischer & Lindenmayer, 2006; Kupfer, Malanson & Franklin, 
2006; Barbaro, Rossi, Vetillard, Nezan & Jactel, 2007).  Therefore, the simplicity of Island 
Biogeography Theory effects in working pine landscapes may be obscured by a gradient of 
permeability and suitability in the surrounding matrix for some species (Fischer & Lindenmayer, 
2006). 
The idea of spatial patterning of a heterogeneous landscape can also be found in Franklin 
and Forman (1987), the first article published in the journal Landscape Ecology. They suggested 
patterns imposed on the landscape from land use activities can have varying implications for 
overall biodiversity (Franklin & Forman, 1987). They were among the first to adopt the idea that 
the pattern produced from forest management at the landscape scale can have drastically 
different ecological consequences depending on the number, size, and arrangement of the 
patches in a forest mosaic.  Thus, this idea of a heterogeneous landscape pattern (in that case 
produced from even-aged forest management), and its resulting influence on biodiversity, has 
since become central to landscape ecology. 
Since then, managing for the dynamic forest mosaic has become an important tenet in 
forest certification standard programs. The Sustainable Forestry Initiative (SFI) is the world’s 
largest single forest certification standard by area as of 2018. The SFI outlines various principles 
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for forest managers to achieve SFI-certification, including forest management to “protect and 
promote biological diversity, including animal and plant species, wildlife habitats and ecological 
or natural community types” (Sustainable Forestry Initiative, SFI 2015-2019 Standards and 
Rules). However, spatial configuration of forest stand size and adjacencies are identified in SFI 
objectives with limited information on impacts to landscape patterning on biodiversity. In fact, 
best practice standards for size and adjacency in clear cuts in SFI are governed by objectives 
regarding recreation and aesthetics. Advances in landscape ecology theory may help resolve 
uncertainties regarding effects of forest landscape patterning on species diversity, especially in 
the size and distribution of clear cuts in a landscape. 
 Though this concept of a fragmented landscape has become a fundamental principle of 
many studies, other important ecological drivers, such as habitat loss, have gone largely 
unrecognized. Fahrig (2013) proposed that it is indeed not configuration that is the main driver of 
species richness but the amount of that species habitat within the landscape. Fahrig (2013) 
proposed the Habitat Amount Hypothesis as an alternative hypothesis in which she states that 
‘the patch size effect and the patch isolation effect are driven mainly by a single underlying 
process, the sample area effect’: in any region of continuous habitat, larger sample areas will 
contain more individuals and, for a given abundance distribution, this will imply more species 
(Fahrig, 2013). This has sparked debate among conservationists with some claiming that only 
considering one attribute of landscapes (e.g., habitat amount) and only one aspect of species 
diversity (e.g., species richness) is too simplistic to fully determine effects of fragmentation on 
biodiversity (Haddad et al. 2017). 
Other alternate hypotheses have been proposed as explanatory mechanism for the effects 
of heterogeneity on biodiversity. Mitchell et al. (2006) presented the Multi-dimensional 
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Hypothesis (MDH) which proposed that a combination of landscape heterogeneity and landform 
are the main drivers of how avian species use working forests. Brockerhoff, Jactel, Parrotta, 
Quine & Sayer (2008) proposed the Landscape Supplementation/Complementation Hypothesis, 
which suggests that plantation forests enhance connectivity for forest-dependent species among 
fragments of natural forest, such that vegetative conditions provided by forest management may 
either supplement or complement other available habitats, provide connectivity to natural 
patches, or completely replace habitat when natural grasslands or ephemeral habitats are missing.  
Objectives 
Working pine forests in Mississippi’s Southeastern Coastal Plain region are currently the 
dominant land use (e.g., matrix) and are characterized by relatively frequent disturbances 
through harvest management prescriptions (Iglay, Greene, Leopold & Miller, 2018).  This 
landscape offers an ideal sampling frame to test hypotheses of habitat 
fragmentation/heterogeneity because 1) the large contiguous blocks of managed pine forest 
experiencing periodic disturbance leads to a dynamic landscape mosaic of age classes and stages 
of structural development, and 2) detailed information is available regarding forest stand 
characteristics (e.g., age, management, size, etc.).  I sought to extend the HAH to Mississippi 
working pine landscapes.  Specifically, I sought to test the hypothesis that amount of a targeted 
habitat condition in early-successional and mature forest stands had a greater influence on 
richness and abundance of avian species than configuration of those stands. Additionally, I 
sought to supplement the HAH design with landform variables to test the hypothesis that the 
multi-dimensionality of landform, landscape and local-level characteristics will affect priority 
species identified by EGCPJV differently. My objectives were to: 
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1) Empirically test the Habitat Amount Hypothesis in a working pine forest matrix by 
quantifying amount and proximity of surrounding early-successional conditions and its 
influence on avian diversity and abundance. 
2) Assess effects of habitat amount and proximity in mature pine forest stands to determine 
avian associations with landscape-level characteristics in mature pine working forests.   
3) Evaluate the multi-scale associations of avian species with vegetation structure, 
landscape heterogeneity and landform to test the Multi-Dimensional Hypothesis in two 
different landscapes (pine flatwoods vs. hilly pine woodlands). 
4) Use these findings to determine how forest management standards that guide the size and 
adjacency of clear cuts influence the diversity of early-successional avian species in a 
managed pine system. 
Regarding the HAH, I predicted that configuration, as measured by proximity of early-
successional forest stands, will have less influence on avian species richness and abundance than 
the total amount of early-successional conditions within the 2 km landscape. Moreover, I 
predicted that the managed pine landscape will provide the conditions necessary for persistence 
of both early-successional, mature pine resident and migratory avian species. However, I 
predicted that resident species with limited dispersal capabilities (e.g., Northern Bobwhite), may 
be more impacted by patch configuration, particularly proximity of patches, compared to more 
mobile species. Furthermore, I predicted that differences in landform between the two study sites 
will have differing effects on bird communities.  Exploring how these priority species responded 
to amount and configuration of patches on the landscape, as well as landform, will not only 
enhance our understanding of effects of managed pine systems on declining avian species, but 
will also aid in guiding forest management standards to maximize biodiversity. 
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Often concepts of sustainable forestry and biodiversity are complex notions built more on 
diverse and conflicting perceptions and values than on the scientific understanding of forest 
ecosystems (Hagan & Whitman, 2006). With this research, I aimed to investigate how spatial 
patterning across the landscape can affect the diversity of avian species and provide tangible 
forest management recommendations to benefit avian communities. I predicted that current 
management standards can be improved by considering these different landscape hypotheses and 
shifting focus from proximity of clear cuts from one another to the total amount of early-
successional conditions in the landscape.  Due to the potential selection of young pine 
plantations as early-successional habitat types (Wigley et al. 2000; Miller & Miller, 2004; Miller, 
Wigley & Miller, 2009, Iglay, Demarais, Wigley & Miller, 2012) by wildlife and some 
regionally declining, early-successional bird species, understanding how breeding birds respond 
to forest stand and clear cut sizes will help maximize avian diversity and inform current and 
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SINGLE-SPECIES MODELING OF FOCAL PINE SYSTEM BIRDS ABUNDANCES TO 
VARYING DEGREES OF SIZE AND CONFIGURATION OF HABITAT PATCHES  
IN NORTH-CENTRAL MISSISSIPPI 
Introduction 
In the years since MacArthur and Wilson (1967), concepts relating patch size and 
isolation as direct determinants of species diversity became a significant premise in ecology. 
Building on the legacy left by MacArthur and Wilson’s work, numerous theories and hypotheses 
have been suggested to characterize effects of ecosystem fragmentation on landscapes (Wiens, 
1976; Haddad et al. 2017; Jones, Hanberry & Demarais, 2009), with many focusing on patch-
scale dynamics within forest systems. Understanding how habitat amount and configuration 
affect species richness and abundance has been one of the major foci of research in ecology and 
biogeography, given its central importance for conservation planning and landscape 
management. 
Recently, Fahrig (2013) proposed the controversial Habitat Amount Hypothesis (HAH), 
which suggests that configuration of patches in a given area has little influence on the species 
diversity within those patches. Instead, Fahrig (2013) suggests biodiversity within a target 
system will be driven by the total amount of species’ habitat in a given area and not how forest 
stands are configured.  Fahrig (2013) implied that in many studies, fragmentation effects are 
blurred by sample area effects when comparing biodiversity in large continuous patches to 
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biodiversity in small fragmented patches.  She hypothesized ‘that if one holds the amount of 
target “habitat” constant across continuous vs. fragmented landscapes, one will see no 
differences in richness or abundance’.   
Since it was proposed, the HAH has been supported by some studies (e.g. Melo, 
Sponchiado, Cáceres & Fahrig, 2017; Rabelo, BiccaMarques, Aragón, & Nelson, 2017; Seibold 
et al. 2017) and rejected by others (e.g. Evju & Sverdrup-Thygeson, 2016; Haddad et al. 2017; 
Lindgren & Cousins, 2017). Many of those disputing HAH suggest that considering only one 
attribute of the landscapes (e.g., habitat amount) and only one aspect of species diversity (e.g., 
species richness) is too simplistic to fully determine effects of fragmentation on biodiversity 
(Haddad et al. 2017). Fahrig (2013) claimed that this simplification of fragmented ecological 
systems is needed in the context of pressing conservation challenges. Some researchers also 
argue that it is neither amount nor configuration that have the greatest impact on species 
richness, but it is a combination of landscape heterogeneity and landform. Mitchell et al. (2006) 
presented the Multi-dimensional Hypothesis, which explored influences of multi-dimensionality 
of landform, landscape, and stand level factors on avian species richness. The MDH suggests 
combined effects of landform and landscape features have the greatest influence on avian 
richness but variable effects among species guilds.  
Working pine landscapes in the Southern Coastal Plain region provide opportunity to 
empirically test both the Habitat Amount Hypothesis and Multi-dimensional Hypothesis by 
utilizing the shifting mosaic of forest management practices that lead to a patchwork of forest 
stand sizes, ages, and adjacencies as a pseudo-experimental framework.  This framework allows 
for the assessment of biodiversity outcomes when differences in habitat amount are present in a 
fixed landscape radius, while holding constant the configuration of patches on the landscape.  
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While many studies examine fragmentation effects in what is presumed to be a mature pine 
forest matrix, few examine effects of composition and configuration of early-successional forest 
patches on biodiversity.  Even fewer have examined these effects in the context of ecological 
hypotheses, particularly with respect to early-successional avian communities. This is not just a 
question of academic interest, but also of high practical importance for the conservation of 
biodiversity because it determines whether conservation strategies should focus only on habitat 
amount or also on its spatial configuration (Lindenmayer & Fischer 2007).  Therefore, I tested 
the hypothesis that the amount of a species’ habitat will have a greater effect on its predicted 
abundance than the proximity of those patches to one another for both early-successional and 
mature pine priority species. By supplementing the HAH design with landform variables, I also 
tested the hypothesis that the landform will have different magnitudes of effect among priority 
species associated with early-successional and mature pine conditions.   
Study Area 
The Southeastern Coastal Plain (SCP) region encompasses 188 million acres (761,000 
km2) of the South Atlantic and Gulf Coasts, and stretches from the Virginia Coastal Plains 
southward through the Florida Peninsula, and westward to the Gulf Coast of Texas and Mexico 
(Noss, 2014). The pine (Pinus spp.) forests of the SCP were historically described as open pine 
woodlands and savannas rich in vegetation, with understories that supported diverse wildlife 
communities at all levels of the forest  (Van Lear, Carroll, Kapeluck & Johnson, 2005; Mitchell, 
& Duncan, 2009). The increased demand for wood and fiber products has resulted in a shift to 
monoculture working pine silviculture over time in much of the region.  Working pine 
woodlands comprise 15.8 million ha in the Southeastern Mississippi Coastal Plain region (Wear 
& Gries, 2012).   
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My study sites were located within two geographically different sites within the SCP in 
Mississippi, USA the pine flatwoods of the Upper Coastal Plain of Kemper County (32°520’N, 
88°330’W) and hilly pine woodlands of northeast Webster (33.5707° N, 89.2847° W) and 
southwest Chickasaw Counties (33.8819° N, 89.0179° W; Figure 2.1). My study sites included 
mature pine (≥15 years’ post-establishment) and early-successional (cut over and young planted 
pine; 0-3 years’ post- harvest/planting) forest stands established and maintained by 
Weyerhaeuser Company. These sites were characterized by mostly contiguous forested land and 
represents approximately 116 km2 and 76 km2 of loblolly pine (P. taeda) plantations in 
Kemper/Noxubee and Webster/Chickasaw/Calhoun counties, respectively. Stands range from 
0.13 acres to 37,390 acres with an average stand size of 36 (46.37 SD) for mature pine stands. 
Early-successional stands range from 0.66 acres to 11,689 acres with an average stand size of 85 
(44.31 SD). The Weyerhaeuser stands consist of 85% working loblolly pine stands of various 




I used a multi-stage stratified random sampling design to ensure an unbiased sample of 
bird abundance in both early-successional and mature pine forest stands. The sampling frame 
consisted of all early-successional and mature pine stands within the study area boundaries on 
Weyerhaeuser properties within the Kemper/Noxubee and Webster/Calhoun/Chickasaw study 
sites which would further be delineated to yield the final survey points (Figure 2.2).  I based the 
multi-stage stratified random sampling design from recommendations set forth by Fahrig (2013) 
to assess the HAH. I intended to control variation by constraining strata within thresholds of 
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amount and proximity of target vegetation types within a 2 km radius landscape of the sampled 
stand. I examined landscape metrics within a 0.5, 1, and 2 km radial buffer of the survey point to 
assess how to best quantify the surrounding landscape. In wanting to have a diverse sample of 
patches of different sizes and proximities, I choose a 2 km radial buffer of the landscape. This 
best represented the focal species in the study with the largest home range, the American Kestrel 
(Falco sparverius; Table 2.1). To ensure a probabilistic sample, I used spatial stand boundaries 
provided by Weyerhaeuser to classify the landscape by stand age and type. Due to a lack of 
current spatial data identifying cut-over and regenerating patches on non-Weyerhaeuser lands, I 
used 2018 4-band, 1-m resolution National Agricultural Imagery Program (NAIP) aerial 
imagery. Using the classifier tool in ArcMap, I defined early-successional patches on areas 
within the 2 km surrounding landscape (USDA-FSA-APFO Aerial Photography Field Office, 
2014). I used 30 training polygons from known early-successional age classes to identify a range 
of spectral response patterns and classify recent cutover/regenerating pine patches ≤ 3 years old 
(approximately).  Since avian species use multiple types of early-successional vegetation 
structure across the landscape, I also supplemented the classified data with NLCD 2016 land 
cover classes herbaceous-successional, pasture/hay, and row crop when present within the area 
(Yang et al. 2018). For mature pine forests outside of Weyerhaeuser ownership, I used NLCD 
land cover change data (2001-2016) to identify evergreen forest patches that are estimated to be 
≥15 years old (Yang et al. 2018).  
Once I classified the 2 km landscape surrounding each early-successional and mature 
forest stand, I separated the landscapes into four strata based on recommendations in Fahrig 
(2013) for empirically testing the Habitat Amount Hypothesis to ensure equal representation of 
sampling points for each stratum. Strata consisted of stands with high or low amounts of early or 
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mature planted pine and a high or low proximity to neighboring stands of similar age class 
(Figure 2.3). I used FRAGSTATS (McGarigal, Cushman & Ene, 2012) to delineate the 
proportion of landscape (PLAND) in early-successional or mature pine age classes (e.g., amount) 
and proximity index (PROX) to determine the spatial context of a habitat patch in relation to its 
neighbors of the same class. Due to a limited number of sample stands and to maximize spatial 
replication, I used the 50% quartile to delineate between stands of high and low size and 
proximity (Table 2.2). This resulted in four strata levels within each target age class (high 
amount/high proximity, high amount/low proximity, low amount/high proximity and low 
amount/low proximity), providing the basis for comparison across strata to determine effects of 
habitat amount vs. patch configuration (as approximated by patch proximity) on estimated avian 
species richness and abundance (Fahrig, 2013). To ensure that an equal number of survey points 
were distributed in each strata, a random sample of 45 points were placed in each strata across 
the two age classes. However, since early-successional stands were limited, I chose to survey all 
stands. I used 0.7 meter DEM tiles obtained from Mississippi Automated Resource Information 
System (MARIS) in my study of counties to determine the mean elevation within a 250 m buffer 
of the survey points. I used the slope and aspect tool in ArcGIS to attain mean slope and aspect 
within the 250 m buffer to determine the landform variables. 
Avian and Vegetation Sampling  
I conducted 10-minute, variable radius point transect bird surveys at stand centroid points 
within each of the four amount-proximity strata, within early-successional and mature pine 
stands.  I sampled bird survey points once per 2019 and 2020 breeding season (14 May – 16 
July) to maximize spatial replication within strata. I recorded temperature (F), percent cloud 
cover, noise level and wind speed using the Beaufort scale at the beginning of each survey. I 
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conducted surveys from sunrise to 10 am CST, after which bird activity significantly declines, on 
days with no precipitation and wind speeds <19 kph to avoid impacts to detectability. I recorded 
all unique visual and aural detections of singing males into 1-minute intervals for a 10 min 
survey period and placed detected individuals into distance bands (0-25, 25-50, 50-100, 100-250, 
>250 m) using a TruPulse range finder.  
I also conducted vegetation structure sampling at each bird survey point to facilitate 
analysis of vegetation associations with bird occurrence. For both early-successional and mature 
pine groups, I estimated percent ground cover (vine, dead down wood, herbaceous, forb, woody, 
dead grass, live grass, litter, and bare ground) using a 1-m2 Daubenmire frame for ground nesting 
species. I conducted ocular estimates of percent shrub/understory cover in 0-1 and 1-3 meters in 
height categories within a 3.6 m radius at the center point of the stand to access associations for 
shrub nesting species. I also measured horizontal cover/visual obstruction in 10 cm increments 
using a Robel pole to examine cover provided for ground foraging species (Robel, 1970).  Due to 
the nature of early-successional vs. mature pine stands, I measured overstory cover and/or tree 
density using different approaches.  To understand the structural characteristics of each stand, I 
measured mean sapling height by walking a 10 meter transect in each cardinal direction and 
measuring the heights of all saplings within one meter of the transect for stands classified as 
early-successional. For mature pine stands, I calculated mean overstory canopy height (m) by 
averaging the measurement of the three tallest trees. I obtained the basal area (m2) using a 10-
factor angle gauge of hardwood and pine species, then estimated the percent overhead canopy 
cover by using a concave Model-C spherical densiometer by taking measurements in each 
cardinal direction and averaging them (Lemmon, 1956).  Since retained structures are important 
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for cavity nesting species, I also recorded the number of snags > 20 cm DBH within a 15.3 meter 
radius around the stand center (Bull, Holthausen & Marx, 1990).   
Statistical Analysis 
The East Gulf Coastal Plain Joint Venture Landbird plan identified 12 species of concern 
that inhabit grassland and scrub-successional pine systems and 13 species that inhabit open pine, 
mixed hardwood and pine systems. Out of the 12 grassland and scrub-shrub species, six species 
occurred on our sites, which could be modeled with reasonable precision. These included 
Northern Bobwhite [Colinus virginianus], Field Sparrow [Spizella pusilla], Eastern Kingbird 
[Tyrannus tyrannus], Prairie Warbler [Setophaga discolor], Eastern Towhee [Pipilo 
erythrophthalmus], and Indigo Bunting [Passerina cyanea]. Out of the 13 open pine, mixed 
hardwood and pine species, six species occurred on our sites, which could be modeled. These 
included Wood Thrush [Hylocichla mustelina], Kentucky Warbler [Geothlypis Formosa], Red-
headed Woodpecker [Melanerpes erythrocephalus], Yellow-billed Cuckoo [Coccyzus 
americanus], Eastern Wood-Pewee [Contopus virens], and Worm-eating Warbler [Helmitheros 
vermivorum]. I tested early-successional covariates against Red-headed Woodpecker since I 
detected more individuals in early-successional stands, although they are technically classified as 
a mature pine-hardwood species. 
I assessed species-specific associations with local and landscape characteristics for 
priority bird species using a Bayesian hierarchical modeling framework, which combined 
distance-sampling and time-removal methods to address availability and perceptibility of birds 
(Amundson, Royle & Handel, 2014).  The hierarchical model links species-specific detection to 
determine influence of environmental characteristics on avian species abundance (Dorazio & 
Royle 2005; Dorazio, Royle, Söderström & Glimskär, 2006). Hierarchical models posit weak, 
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stochastic relations rather than deterministic relations among parameters and processes (Link 
1999; Link, Cam, Nichols & Cooch, 2002), resulting in improved estimation of individual 
parameters by considering them in the context of a group of related variables (Link & Sauer 
1996).  
Level-1 Observation model 
The model is expressed in terms of the ‘‘conditional likelihood,’’ in which the 
observation model is expressed as conditional on the observed count of individuals at each 
sample point (yk). Often, there are inadequate data for species which may be detected 
infrequently during sampling, resulting in limited inferential capacity (MacKenzie, Nichols, 
Sutton, Kawanishi & Bailey, 2005). This Bayesian hierarchical modeling framework was created 
to accommodate single-visit point-transect data replicated at points in an area of interest for rare 
and imperfectly detected species. For each bird detected i, a radial distance was recorded into 
discrete distance classes b out to a maximum distance (250 m) and detection time was assigned 
to a time interval j. The observed data were the counts of individuals at each point and the time 
interval (ji) and distance class (bi) for individuals i, and y, where y is the total number of birds 
detected among all spatial sample units. I accounted for elements of detectability by 
incorporating measures of distance-based perceptibility and time removal-based availability 
(Farnsworth et al. 2002). Thus, the observation model for individual i had 2 components: 
  
TimeInterval (ji) ~ Categorical (t = 1, 2, 3…10) 







Level-2 Point-level counts 
The second level model component is described for yk, conditional on the population size 
at each sample point (Nk), which is assumed to be a random variable itself so that I could model 
variation among sample points in the population. The number of individuals that were available 
for sampling within the local population were estimated first, along with sample size Nk and 
probability of availability as random variables.  
Level-3 Abundance model 
Since abundance may vary among points in relation to measurable attributes, I modeled 
the population size for each point Nk as a Poisson distribution with mean expected value 𝜆, Nk ~ 
Poisson(𝜆k) (Royle, Dawson & Bates, 2004). I incorporated point-level covariates affecting 
abundance into the expected value where:  
log (𝜆k) = 𝜇I + 𝛽k. (2.2) 
 
These included continuous measures of landscape (percent composition of early-
successional or mature pine forest patches within 2 km radius [PLAND] and proximity of the 
early-successional or mature pine survey stand relative to its neighbors of the same class 
compared to all our study stands [PROX]), landform (slope, elevation and aspect), and local-
level vegetation covariates. I defined local-level as the vegetation structure and composition 
characteristics within the 15.3 m sampling plot and included these covariates for the model using 
prior and presumed knowledge on species-habitat requirements (Tirpak et al. 2009).  For each 




Log (𝜆k) = 𝛽I + 𝛽1k proximity + 𝛽2k amount + 𝛽3k slope + 𝛽4 elevation + 𝛽5k 
…𝛽xk (species-specific veg. covariates) 
(2.3) 
 
Where 𝜆i is the abundance for species i and 𝛽1…xk are the coefficients for effects of proximity, 
amount, slope, elevation, and local level covariates (Table 2.3) on points k. I first normalized 
point-level and landscape-level data using a log transformation and back-transformed the 
landscape and vegetation covariates before reporting them. 
 I ran 3 Markov chain Monte Carlo (MCMC) chains of 100,000 iterations for each 
species model in JAGS (Plummer, 2003) called from within R (R Development Core Team, 
2016) using package jagsUI (Kellner, 2015). I used a 10,000-iteration adaptation phase, a burn-in 
which ranged from 1000 to 5000 depending on the detections per number of species and I 
thinned at every 5 iterations to reduce autocorrelation in the model. I assessed model 
convergence using the Gelman-Rubin potential scale reduction parameter (?̂?), where ?̂?= 1 at 
convergence (Gelman & Rubin, 1992). I accepted coefficient estimates with 𝑅 ̂values < 1.1. 
Additionally, I examined trace and density plots of the posteriors to ensure proper mixing of 
chains. For the availability and detectability components of the models, I used Bayesian P values 
generated from the posterior predictive distributions to assess goodness-of-fit (Gelman, Meng & 
Stern, 1996), where a P value close to 0.5 indicates adequate model fit.  I then extracted the mean 
probability of availability, mean probability of detectability, and density of birds per hectare 
based on posterior probabilities and Bayesian credible intervals by year from the model. 
Results  
I sampled a total of 248 points across the two study sites, consisting of 93 early-
successional stands and 155 mature pine stands. I detected 58 species on my early-successional 
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sites in 2019 and 62 species in 2020, with an average number of priority species across points of 
4.42 (SE=0.176) and 5.01 (SE=0.193), respectively (Table 2.4). In the mature pine sites, there 
were a total of 63 species in 2019 and 61 species in 2020, with an average number of priority 
species across all points of 2.56 (SE=0.201) and 3.85 (SE=0.182), respectively (Table 2.4). The 
most notable increases were from Kentucky Warbler, whose detections increased by 150% and 
Worm-eating Warbler, which increased from 2 detections to 26 in the following season. 
Likewise, probability of detectability and availability and density of birds per hectare was similar 
across seasons with the exception of Indigo Buntings (a bird that is notoriously difficult to model 
and has a propensity to respond to the observer’s presence during a survey). Their density per 
hectare increased from 0.381 (.297, .432 95% CI’s) to 0.654 (.605, .756 95% CI’s) across 
seasons. Yellow-billed Cuckoo also demonstrated a dramatic change in probability of 
detectability decreasing from 0.597 to 0.113, with probability of availability and density per 
hectare staying relatively similar.  Although the latter is more similar to other studies that show a 
detection probability of 0.22 for Yellow-billed Cuckoos using program DISTANCE with point 
count data in Mississippi (Somershoe, Twedt & Reid, 2006). 
All MCMC chains in models reached convergence (?̂?< 1.1), and Bayesian P values 
ranged from 0.315 for Eastern Wood-Pewee to 0.720 for Indigo Bunting availability (Pa), and 
0.390 for Worm-eating Warble to 0.638 for Indigo Bunting detectability (pd; Table 2.3). The 
predicted abundance per site varied across species to the amount and proximity of early-
successional or mature-pine conditions in the landscape. The amount of early-successional or 
mature pine in the landscape (PLAND) had a positive effect on predicted abundance per site for 
species such as Carolina Chickadee (β = 0.098, SE = 0.017; Figure 2.4), Eastern Towhee (β = 
0.204, SE =  0.024;Figure 2.6), Prairie Warbler (β = 0.104, SE = 0.014; Figure 2.12), Red-
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headed Woodpecker (β = 0.314, SE = 0.028; Figure 2.13), Field Sparrow (β = 1.05, SE = 0.0.19; 
Figure 2.8), and Wood Thrush (β = 0.035, SE = 0.018; Figure 2.14), for 2019. In contrast, 
Eastern Kingbird (β = -0.403, SE =0.018; Figure 2.5), Eastern Wood-Pewee (β = -0.077, SE = 
0.024; Figure 2.7), Indigo Bunting (β = -0.0201, SE = 0.027; Figure 2.9), Northern Bobwhite (β 
= -0.051, SE = 0.021; Figure 2.11), Yellow-billed Cuckoo (β = -0.051, SE = 0.011; Figure 2.15), 
and Kentucky Warbler (β = -0.056, SE = 0.022; Figure 2.10) exhibit a negative effect in the 
amount of early-successional or mature pine in the landscape in 2019. Overall, proximity of 
nearby early-successional or mature pine conditions on the landscape exhibited a greater positive 
effect on predicted abundance than did amount; such is the case with Carolina Chickadee (β 
=0.568 , SE = 0.012; Figure 2.4), Eastern Kingbird (β = 0.194, SE = 0.015; Figure 2.5), Eastern 
Towhee (β = 0.128, SE = 0.014; Figure 2.6), Yellow-billed Cuckoo (β = 0.123, SE = 0.009; 
Figure 2.15), Eastern Wood-Pewee (β = 0.424, SE = 0.019; Figure 2.7), Indigo Bunting (β = 
0.325, SE = 0.018; Figure 2.9), Northern Bobwhite (β = 0.116, SE = 0.019; Figure 2.11), Red-
headed Woodpecker (β = 0.047, SE = ;Figure 2.13), and Wood Thrush (β = 0.180, SE = 0.012; 
Figure 2.14) in 2019. On the contrast, Field Sparrow (β = -0.520, SE = 0.037; Figure 2.8), Prairie 
Warbler (β = -0.009, SE = 0.013; Figure 2.12), and Kentucky Warbler (β = -0.648, SE = 0.027; 
Figure 2.10) exhibited a negative relationship with proximity in 2019. 
When assessing how effects of landform influenced the predicted abundance of the early-
successional and mature-pine priority species, results are similar to landscape variables in that 
they influence each guild differently and species within those guilds individually. There were 
minimal differences in the number of detections between my two study sites, with 1,000 
detections in the northern hilly pine system and 1,052 detections in the southern pine flatwoods 
site. In general, the focal species associated with early-successional conditions had more 
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detections and greater densities in the hilly pine sites. This is the opposite of the mature pine 
focal species which showed more detections and greater densities in the pine flatwoods site 
(Table 2.5). Slope had a positive effect on the predicted abundance of Eastern Towhee (β = 
1.903, SE = 0.077; Figure 2.6), Wood Thrush (β = 0.219, SE = 0.017; Figure 2.14), Eastern 
Wood-Pewee (β = 0.440, SE = 0.032; Figure 2.7), and Red-headed Woodpecker (β = 0.298, SE = 
0.097; Figure 2.13) in 2019. Whereas slope had a negative effect on the predicted abundance of 
Carolina Chickadee (β = -0.172, SE = 0.033; Figure 2.4), Kentucky Warbler (β = -0.111, SE = 
0.037; Figure 2.10), Northern Bobwhite (β = -0.170, SE = 0.091; Figure 2.11), and Yellow-billed 
Cuckoo (β = -0.013, SE = 0.013; Figure 2.15), Field Sparrow (β = -1.751, SE = 0.091; Figure 
2.8), Eastern Kingbird (β = ,-0.104 SE = 0.073; Figure 2.5), and Indigo Bunting (β = -1.247, SE 
= 0.101; Figure 2.9) in 2019. For the most part, elevation had similar effects as slope did on 
predicted species abundance, with the exception of elevation having a positive effect on Eastern 
Kingbird (β = 0.127, SE = 0.073; Figure 2.5), whereas slope had a negative effect, and elevation 
having a negative effect on Eastern Wood-Pewee (β = -0.572, SE = 0.032; Figure 2.7) while 
slope had a positive effect in 2019. 
I also assessed species associations to local-level covariates from prior knowledge on 
preferred conditions for each individual species. Since, these covariates were selected from 
preferred conditions, most covariates had positive effects on predicted species abundance. 
Positive effects were detected for Eastern Towhee with 0-3 feet shrub cover (β = 0.308, SE = 
0.019; Figure 2.6), Field Sparrow with seedling height (β = 0.572, SE = 0.029; Figure 2.8), 
Indigo Bunting with 0-3 feet shrub cover (β = 0.143, SE = 0.018; Figure 2.9), Eastern Kingbird 
(β = 0.451, SE = 0.017; Figure 2.5) and Red-headed Woodpecker (β = 0.901, SE = 0.029; Figure 
2.13) with snag density, Northern Bobwhite with bare ground cover (β = 0.090, SE = 0.024; 
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Figure 2.11), Eastern-wood Pewee with 0-3 feet shrub cover (β = 0.216, SE = 0.021; Figure 2.7), 
Wood Thrush with canopy cover (β = 0.600, SE = 0.013) and litter ground cover(β = 0.196, SE = 
0.015; Figure 2.14), and Kentucky Warbler (β = 1.298, SE = 0.070; Figure 15) and Yellow-billed 
Cuckoo with hardwood basal area (β = 0.041, SE = 0.009) and canopy cover (β = 0.026, SE = 
0.012; Figure 2.15). Whereas negative effects included: Carolina Chickadee with snags (β = -
0.486, SE = 0.035; Figure 2.4), Eastern Towhee with litter ground cover (β = -0.705, SE = 0.038; 
Figure 2.6), Field Sparrow with 0-3 feet shrub cover (β = -0.416, SE = 0.034; Figure 2.8), 
Northern Bobwhite with visual obstruction (β = -0.149, SE = 0.026; Figure 2.11), Wood Thrush 
with 0-3 feet shrub cover (β = -0.138, SE = 0.017; Figure 2.14), Eastern Wood-Pewee with 
canopy cover (β = -0.060, SE = 0.023; Figure 2.7), Kentucky Warbler with 0-3 feet shrub cover 
(β = -0.194, SE = 0.021; Figure 2.10), Prairie Warbler with 0-3 feet shrub cover and seedling 
height (β =-0.013 , SE = 0.014; Figure 2.12), and Yellow-billed Cuckoo with pine basal area (β = 
-.050, SE = 0.009; Figure 2.15) in 2019. 
For the most part, most of the covariates had similar effects on predicted species 
abundance across seasons, but there was some variability in magnitude of effects for each 
species. In fact, only Prairie Warbler and Red-headed Woodpecker had no variation in effects of 
any of the covariates across seasons. For the landscape level covariates, Carolina Chickadee (β = 
-0.798, SE = 0.014; Figure 2.16) and Field Sparrow (β = -0.011, SE = 0.016; Figure 2.20) 
switched to having a negative effect to amount of early-successional or mature pine conditions in 
the landscape.  Eastern Kingbird (β = -0.036, SE = 0.021; Figure 2.17), Northern Bobwhite (β = -
0.610, SE = 0.027; Figure 2.23), and Yellow-billed Cuckoo (β = -0.545, SE = 0.023; Figure 
2.28) remained negative across seasons. While Kentucky Warbler (β = 0.028, SE = 0.022; Figure 
2.22) and Eastern Wood-Pewee (β = 0.352, SE = 0.023; Figure 2.19) switched to having positive 
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effects across seasons. The proximity of similar vegetation conditions to each other switched to 
having a negative effect on predicted abundance for Eastern Wood-Pewee (β = -0.485, SE = 
0.022; Figure 2.19), Northern Bobwhite (β = -0.093, SE = 0.017; Figure 2.23), and Wood Thrush 
(β = -0.172, SE = 0.012; Figure 2.27). Field Sparrow (β = 0.005, SE = 0.015; Figure 2.20) and 
Eastern Towhee (β = 0.105, SE = 0.014; Figure 2.18) switched to positive in 2020. 
 The landform variables seemed to have the greatest fluctuations in magnitudes of effect 
for the priority species. The effects of slope on predicted species abundance switched to positive 
for Eastern Kingbird (β = 0.990, SE = 0.064; Figure 2.17) and Yellow-billed Cuckoo (β = 0.442, 
SE = 0.017; Figure 2.28), whereas Eastern Wood-Pewee (β = -0.416, SE = 0.028; Figure 2.19,) 
Carolina Chickadee (β = -0.37, SE =0.016; Figure 2.16), Kentucky Warbler (β = -0.117, SE = 
0.016; Figure 2.22) and Northern Bobwhite (β = -0285, SE = 0.063; Figure 2.23) turned negative 
in 2020. Similarly, elevation switched to being positive for Carolina Chickadee (β = 0.028, SE = 
0.015; Figure 2.16) and Northern Bobwhite (β = 0.119, SE = 0.021; Figure 2.23), whereas 
Eastern Towhee (β = -0.027, SE = 0.015; Figure 2.18) and Yellow-billed Cuckoo (β = -1.179, SE 
= 0.021; Figure 2.28) became negative. Local-level covariates seemed to have had the least 
number of fluctuations in effects across seasons and were mostly species exhibiting greater 
positive effects to covariates.  
Overall, the amount of mature pine conditions in the landscape (PLAND) had a positive 
effect on predicted abundance for two of the six mature pine priority species in 2019, whereas 
proximity of nearby mature pine conditions in the landscape had a positive effect on four of the 
six mature pine priority species. Likewise, the amount of early-successional conditions in the 
landscape (PLAND) had a positive effect on predicted abundance for three of the seven early-
successional priority species in 2019. Proximity of nearby early-successional conditions in the 
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landscape had a positive effect on five of the seven early-successional priority species. In the 
subsequent season, the amount of mature pine conditions in the landscape (PLAND) had a 
positive effect on predicted abundance for three of the six mature pine priority species, whereas 
proximity of nearby mature pine conditions in the landscape had a positive effect on two of the 
six mature pine priority species. Effect sizes were the same for early-successional species as the 
previous season in 2020 when three of the seven had positive associations with amount and five 
of the seven had positive associations with proximity of early-successional cover. The multi-
dimensionality of stands also had degrees of influence on priority species. Generally, landform 
exhibited positive effects on early-successional species and negative effects on mature pine 
species. 
Discussion 
Herein, I showed that the Multi-dimensional Hypothesis is better suited for avian species 
in managed pine systems than the Habitat Amount Hypothesis, and these associations are 
species-specific and temporally variable. As such, broad generalizations regarding avian 
response to landscape characteristics should be avoided. No single hypothesis or theory can be 
used to explain all the nuances of species’ habitat associations. However, there need not be a 
divide between ecological theory and management. From my results. I have demonstrated how 
landscape ecology hypotheses and theory can be used as a foundation for forest management and 
conservation planning. I presented a small piece of how landscape-scale factors such as amount, 
configuration and topography of forest patches influence avian diversity in working pine forest, 
and focused on regionally-prioritized species when possible. Accurate conclusions are difficult to 
draw from these short-term ecological studies; especially when year to year differences can be 
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great in certain species. Further complexity is added by the dynamic shifting mosaic of working 
pine systems.    
Fragmentation seems to affect each species differently, and also affect each system and 
species that preside within those systems differently.  Fahrig’s premise that researchers need to 
shift away from thinking of a patch as an entity that delimits bounds of a species’ movements, to 
how the local landscape influences each species differently within and across a gradient of 
matrix types and quality, is therefore true within a working pine system (Fahrig, 2013). 
Researchers must be aware that effects of stand age and configuration appear to benefit certain 
species, but are potentially costly for others. Efforts to combine management of timber and 
conservation of songbirds must consider both species’ habitat requirements and the distribution 
of these requirements in the landscape. However, researchers should not disregard patch size as 
numerous population processes that can affect population size have been linked to patch size. 
Examples include pairing and reproductive success (e.g., Fraser & Stutchbury, 2004; Butcher, 
Morrison, Ransom, Slack & Wilkins, 2010), conspecific attraction (Fletcher, 2009; Schipper et 
al. 2011) and predation by generalist predators (Møller, 1988; Beier, van Drielen & Kankam, 
2002; Huhta, Jokimaki & Helle, 1998; Loman, 2007). 
These processes are also system dependent, as proximity of preferred vegetation 
conditions had greater positive effects on predicted abundance of early-successional priority 
species. Conversely, mature pine species seemed to benefit from greater amounts and proximity 
of mature pine conditions on the landscape in my study. Although I only tested associations 
within a managed pine system with proximity to nearby similar vegetation conditions, for many 
species microsite and proximity to different vegetation types may have greater effects on 
predicted abundance. This could be the case with Eastern Kingbird as they were the only early-
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successional species to have negative predicted abundance with proportion of early-successional 
cover. Eastern Kingbirds are most often found in more open fields with scattered trees and within 
a close proximity to water; indicating large tracts of regenerating working pine forest may be 
unsuitable for them (Murphy, 2002). In fact, Murphy (2001) found that Kingbirds that bred along 
creek areas had a moderately high survival rate among adults, whereas populations in the 
floodplains and uplands tended to decline in total population number (Murphy, 2001). A further 
analysis into the proximity of cutover patches to streams or riparian areas could aid in teasing out 
the associations to the proportion and proximity of early-successional vegetation in Eastern 
Kingbirds. The same idea could be true for Kentucky Warbler, as amount and proximity of 
mature pine forest had a negative effect on predicted species abundance, though it is a species 
known to prefer large areas of core forest (McShea, McDonald, Morton, Meier & Rappole, 1995; 
Kroodsma, 1984). Moreover, numerous studies have found large tracts of mature forests 
specifically when there is a hardwood component support the highest numbers of Kentucky 
Warblers (Whitcomb et al. 1981; Robbins, Dawson & Dowell, 1989; Wenny, Clawson, Faaborg 
& Sheriff, 1993; McShea, McDonald, Morton, Meier & Rappole, 1995). 
 Species show variation across guilds, and they exhibit a degree of temporal variation in 
their effects to landscape, landform, and local-level covariates. In such dynamic systems, 
researchers must be cautious when extrapolating from the findings of short‐term studies to longer 
temporal scales, especially in relation to conservation management. Other factors such as 
weather, herbicide use, or changes in wintering grounds could also be driving these temporal 
changes. Mississippi had record levels of rainfall in 2019, which could have affected tree growth 
and numerous other vegetation characteristics if many of these stands were flooded (Runkle, 
Kunkel, Champion, Frankson & Stewart, 2017). Other research has shown that neotropical 
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migratory birds may be limited primarily by habitat availability on their wintering grounds 
(Marra, Hobson & Holmes, 1993; Stutchbury, 1994), mediated through food abundance (Janzen, 
1980; Strong & Sherry, 2000; Johnson & Sherry, 2001) and/or global climate cycles (Baillie & 
Peach, 1992; Sillett, Holmes & Sherry, 2000). Thus, the consequences of winter habitat 
occupancy could carry over to affect individual abundance on the breeding grounds (Marra, 
Hobson & Holmes, 1998; Gill et al. 2001). I examined these processes during breeding season 
within managed pine forest; however, future research could extrapolate this methodology to 
wintering grounds to assess the effects of landscape scale factors on avian abundance. A greater 
understanding of the processes driving distributional patterns across a range of ecosystems is 
likely to enable better predictions of changes in species’ abundances following landscape 
alteration.  
Management Implications 
The limited capacity of habitat amount to explain species abundance suggests that habitat 
configuration is indeed an important factor, especially at low or intermediate portions of the 
gradient (Radford, Bennett & Cheers, 2005; Martensen, Ribeiro, Banks‐Leite, Prado & Metzger, 
2012; Ochoa‐Quintero, Gardner, Rosa, Barros-Ferraz, & Sutherland, 2015; Richmond, Jenkins, 
Couturier & Cadman, 2015). Thus, managers should consider the proximity of habitat patches as 
this may have the greatest influence on predicted avian abundance within working pine forest. 
However, managers should keep in mind those species that exhibit area-sensitivities. This 
increase in spatial heterogeneity in the landscape from forest management practices positively 
impacts avian species, and has also been found to benefit herbivore populations (Bowman et al. 
2016). Recent studies examining vegetation spatial heterogeneity via pyrodiversity within the 
landscape found that an increase in spatial heterogeneity can reduce local predation pressures 
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(Bowman et al. 2016).  Although I focused on migratory status briefly, other studies have shown 
that neotropical migrants tended to be more abundant in landscapes with a greater proportion of 
forest and wetland systems, fewer forest edges, larger forest patches, and with forests that are 
dispersed throughout the landscape (Flather & Sauer, 1996). Response to landscape structure and 
configuration varies with migratory status as permanent residents showed few correlations with 
landscape structure, whereas temperate migrants were associated with habitat diversity and edge 
attributes, rather than with the amount, size, and dispersion of forest (Flather & Sauer, 1996). 
Therefore, managers should consider migratory status when implementing management 
activities, and future research could examine the greater surrounding landscape types and the 




Table 2.1 The territory size (hectare, m2), migrant status and associated habitat of focal 
early-successional avian species common in northern Mississippi. 
 
Species Territory Size (hectares) Territory Size (m2) 
Migrant 
Status Habitat 
American Goldfinch - - R FE 
American Kestrel*  450 - 520 4.5M – 5.2M S GR 
Bachman’s Sparrow* 0.620 - 5.20 6,200 – 51,000 R FE 
Blue Grosbeak* 0.610 - 6.19 6,000 – 61,900 N SS 
Brown Thrasher  0.520 - 1.13 5,000 – 11,300 S SS 
Common Nighthawk  0.410 - 2.80 4,100 – 28,000  N GR 
Common Yellowthroat  0.800 - 1.80 8,000 – 18,000 N SS 
Eastern Bluebird  1.10 - 8.40 11,000 – 84,000 R GR 
Eastern Kingbird* - - N GR 
Eastern Meadowlark 1.20 - 6.20 12,000 – 62,000 R GR 
Eastern Towhee* 0.710 - .165 7,000 – 16,500     S SS 
Field Sparrow*  0.310 - 1.63 3,100 – 16,300 S SS 
Grasshopper Sparrow  0.190 - 1.80 1,900 – 18,000 S GR 
Gray Catbird 0.200 - 0.410 2,000 – 4,100 N FE 
Indigo Bunting* 0.400 – 8.00 4,000 – 80,000 N FE 
Northern Bobwhite* 10.0 – 60.0 100,000 – 600,000 R GR 
Orchard Oriole Semi-colonial Semi-colonial N FE 
Prairie Warbler* 0.500 - 3.50 5,000- 35,000 N SS 
Song Sparrow 0.280 - 0.600 2,800 – 6,000 N FE 
White-eyed Vireo  0.140 - 1.30 1,400- 13,000 S SS 
Yellow-breasted Chat 0.040 - 1.30 400 – 13,000 N SS 
*EGCPJV priority species    
aMigrant status abbreviations: R- Resident, S - Short distance migrant, N – Neotropical migrant 










Table 2.2 The 50% Quartiles for Delineating the Landscape into High and Low Amount and 
Proximity Categories within each defined vegetation type in the 2km buffer. 
 Early-Succession Mature pine 
High Low High Low 
PROX >60.82 <60.82 >114.27 <114.27 




Table 2.3 The model for focal early-successional and mature pine species identified by EGCPJV for northern Mississippi, number 
of covariates in the model (K) and model fit for each component of detection and availability probability assessed with 
Bayesian P values. 
Species Model K 
Bayesian P 
value (pd) mean  
Bayesian P 
value (pa) mean  
Carolina Chickadee PLAND + PROX + slope + elevation + snags 6 0.644 0.609  
Eastern Kingbird PLAND + PROX + slope + elevation + snags 6 0.318 0.476  
Eastern Towhee PLAND + PROX + slope + elevation + SC + Litter 7 0.644  0.620  
Eastern Wood-Pewee  PLAND + PROX + slope + elevation + SC + CC 7 0.315  0.486  
Field Sparrow  PLAND + PROX + slope + elevation + SC + SH  7 0.528  0.569  
Indigo Bunting  PLAND + PROX + slope + elevation + SC 6 0.720  0.638  
Kentucky Warbler  PLAND + PROX + slope + elevation + SC + HW_BA 7 0.414  0.499  
Northern Bobwhite  PLAND + PROX + slope + elevation + VO + Bare 7 0.294  0.526  
Prairie Warbler  PLAND + PROX + slope + elevation + SC + SH  7 0.317  0.612  
Red-headed 
Woodpecker  PLAND + PROX + slope + elevation + snags 6 0.625  0.535  
Wood Thrush  PLAND + PROX + slope + elevation + SC + CC + Litter 8 0.334  0.608  
Worm-eating Warbler  PLAND + PROX + slope + elevation + SC + HW_BA + Pine_BA 8 0.358  0.390  
Yellow-billed Cuckoo  PLAND + PROX + slope + elevation + CC + HW_BA + Pine_BA 8 0.713 0.628  
aVegetation abbreviations - SC – shrub cover, CC – canopy cover, SH – seedling height, VO – visual obstruction, HW_BA – 










Table 2.4 Focal Pine Species Probability of Availability and Detectability, Density per Hectare with 95% credible intervals, and 








Density of Birds per Hectare 
Number of 
Detections Mean LCL UCL 
American Kestrel 2019 - - - - - 2 
  2020 - - - - - 0 
Bachmans Sparrow 2019 - - - - - 4 
  2020 - - - - - 1 
Blue Grosbeak* 2019 - - - - - 8 
  2020 - - - - - 11 
Brown Thrasher 2019 - - - - - 10 
  2020 - - - - - 9 
Brown-headed Nuthatch 2019 - - - - - 11 
  2020 - - - - - 9 
Carolina Chickadee 2019 0.914 0.245 0.594 0.509 0.705 79 
  2020 0.965 0.273 0.581 0.476 0.715 82 
Eastern Kingbird* 2019 0.744 0.445 0.402 0.318 0.455 47 
  2020 0.798 0.308 0.433 0.363 0.522 38 
Eastern Towhee 2019 0.967 0.411 0.331 0.234 0.423 94 
  2020 0.957 0.520 0.477 0.452 0.513 128 
Eastern-wood Pewee* 2019 0.859 0.187 0.367 0.339 0.587 33 
  2020 0.590 0.148 0.283 0.147 0.389 20 
Field Sparrow 2019 0.839 0.287 0.269 0.179 0.352 48 
  2020 0.866 0.447 0.329 0.263 0.401 52 
Indigo Bunting* 2019 0.971 0.526 0.381 0.297 0.432 187 
 2020 0.975 0.697 0.654 0.605 0.756 203 
Kentucky Warbler* 2019 0.680 0.185 0.199 0.127 0.279 20 
  2020 0.685 0.217 0.383 0.311 0.472 50 
Northern Bobwhite 2019 0.759 0.652 0.178 0.108 0.201 37 
  2020 0.816 0.605 0.149 0.097 0.176 57 
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Table 2.4 Continued 
 
Prairie Warbler* 2019 0.963 0.569 0.616 0.584 0.712 152 
  2020 0.980 0.602 0.625 0.589 0.749 197 
Red-headed 
Woodpecker 2019 
0.840 0.141 0.138 0.089 0.168 
17 
  2020 0.667 0.322 0.205 0.174 0.317 23 
Worm-eating Warbler* 2019 - - - - - 2 
  2020 0.682 0.332 0.213 0.169 0.306 26 
Wood Thrush* 2019 0.949 0.211 0.289 0.176 0.323 92 
  2020 0.924 0.656 0.399 0.343 0.459 120 
Yellow-billed Cuckoo* 2019 0.788 0.597 0.157 0.096 0.179 98 
  2020 0.914 0.113 0.127 0.083 0.141 80 






Table 2.5 Focal early-successional and mature pine species associated habitat type, number of detections in the northern sites and 









Mean Density of Birds per Hectare 
Hilly 95% CI’s Flatwood 95% CI’s 
American Kestrel Early 1 2 -  -  
Bachmans Sparrow Mature 0 5 -  -  
Blue Grosbeak* Early 8 9 -  -  
Brown Thrasher Early 5 14 -  -  
Brown-headed 
Nuthatch 
Mature 3 17 -  -  
Carolina Chickadee Mature 66 95 0.529 (0.435,0.617) 0.648 (0.567, 0.721) 
Eastern Kingbird* Early 43 42 0.442 (0.382,0.521) 0.435 (0.365, 0.523) 
Eastern Towhee Early 118 104 0.495 (0.409,0.599) 0.465 (0.389, 0.543) 
Eastern-wood Pewee* Mature 18 35 0.353 (0.243,0.442) 0.477 (0.562, 0.559) 
Field Sparrow Early 58 42 0.365 (0.268,0.429) 0.296 (0.187, 0.375) 
Indigo Bunting* Early 196 194 0.621 (0.574,0.688) 0.634 (0.592, 0.708) 
Kentucky Warbler* Mature 32 38 0.252 (0.168,0.335) 0.268 (0.183, 0.342) 
Northern Bobwhite Early 51 43 0.123 (0.087,0.191) 0.163 (0.094, 0.216) 
Prairie Warbler* Early 197 152 0.647 (0.591,0.704) 0.619 (0.567, 0688) 
Red-headed 
Woodpecker 
Early 29 17 0.261 (0.156,0.319) 0.190 (0.099, 0.267) 
Worm-eating Warbler* Mature 13 15 - - - - 
Wood Thrush* Mature 87 125 0.371 (0.284,0.436) 0.429 (0.341, 0.508) 





Figure 2.1 Delineation of evergreen and mixed pine-hardwood forest cover within my five 






Figure 2.2 The process of supplementing the Weyerhaeuser stand data with NLCD and NAIP 






Figure 2.3 The four strata in the 0-3-year age class within the 2 km radius landscape within 
working pine forest in the Southeastern Coastal Plain region of Mississippi, as 






Figure 2.4 The predicted abundance per site for Carolina Chickadee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 




Figure 2.5 The predicted abundance per site for Eastern Kingbird in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 




Figure 2.6 The predicted abundance per site for Eastern Towhee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and litter ground cover in working 




Figure 2.7 The predicted abundance per site for Eastern Wood-Pewee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, canopy cover, and 0-3 feet shrub cover in working pine 




Figure 2.8 The predicted abundance per site for Field Sparrow in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and seedling height in working 




Figure 2.9 The predicted abundance per site for Indigo Bunting in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 





Figure 2.10 The predicted abundance per site for Kentucky Warbler in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and hardwood basal area in 




Figure 2.11 The predicted abundance per site for Northern Bobwhite in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, bare ground cover, and visual obstruction in working 




Figure 2.12 The predicted abundance per site for Prairie Warbler in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and seedling height in working 




Figure 2.13 The predicted abundance per site for Red-headed Woodpecker in relation to 
proximity index (PROX_MN), proportion of mature pine forest (PLAND), mean 





Figure 2.14 The predicted abundance per site for Wood Thrush in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, canopy cover, 0-3 feet shrub cover, and litter ground 




Figure 2.15 The predicted abundance per site for Yellow-billed Cuckoo in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, canopy cover, hardwood basal area, and pine basal area 




Figure 2.16 The predicted abundance per site for Carolina Chickadee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 




Figure 2.17 The predicted abundance per site for Eastern Kingbird in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 




Figure 2.18 The predicted abundance per site for Eastern Towhee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover and litter ground cover in working 




Figure 2.19 The predicted abundance per site for Eastern Wood-Pewee in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and canopy cover in working pine 




Figure 2.20 The predicted abundance per site for Field Sparrow in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and seedling height in working 




Figure 2.21 The predicted abundance per site for Indigo Bunting in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 





Figure 2.22 The predicted abundance per site for Kentucky Warbler in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and hardwood basal area in 




Figure 2.23 The predicted abundance per site for Northern Bobwhite in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, bare ground cover, and visual obstruction in working 




Figure 2.24 The predicted abundance per site for Prairie Warbler in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, and seedling height in working 




Figure 2.25 The predicted abundance per site for Red-headed Woodpecker in relation to 
proximity index (PROX_MN), proportion of mature pine forest (PLAND), mean 





Figure 2.26 The predicted abundance per site for Worm-eating Warbler in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, 0-3 feet shrub cover, hardwood basal area, and pine 








Figure 2.27 The predicted abundance per site for Wood Thrush in relation to proximity index 
(PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, canopy cover, 0-3 feet shrub cover, and litter ground 





Figure 2.28 The predicted abundance per site for Yellow-billed Cuckoo in relation to proximity 
index (PROX_MN), proportion of mature pine forest (PLAND), mean slope and 
elevation of the landform, canopy cover, hardwood basal area, and pine basal area 
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AVIAN COMMUNITY RESPONSES TO SPATIAL CONFIGURATION OF FOREST 
STANDS WITHIN EARLY-SUCCESSIONAL AND MATURE PINE SYSTEMS IN NORTH-
CENTRAL MISSISSIPPI 
Introduction 
Bird populations are among the most readily measured faunal groups of ecological 
systems and support multiple important ecological functions including, but not limited to, seed 
dispersal, plant pollination, and pest control (Howe & Smallwood, 1982; Anderson, Kelly, 
Robertson & Ladley, 2016; Lindell et al. 2018). However, the North American Breeding Bird 
Survey suggests 126 out of 348 species for which adequate data are available have experienced 
steep population declines from 1966 to 2017 (Sauer et al. 2017). While wetland bird populations 
have steadily increased, recently, grassland and forest bird communities continue to steadily 
decline (Birdlife International, 2014). Of the 28 grassland species for which adequate data are 
available, only one has shown significant population increases, whereas, 15 have exhibited 
significant declines (Sauer et al. 2017). This trend is also extended to southeastern birds with 45 
species experiencing negative trends from 1966 – 2015, mainly due to habitat loss (Sauer et al. 
2017).   
The general public may perceive working pine forests to be biological deserts devoid of 
wildlife species, but, in fact, these forests may offer unlikely habitat supplementation for forest 
and grassland birds (Miller, Wigley & Miller, 2009). They offer a dynamic mosaic of vegetation 
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conditions for forest bird species and can provide early-successional and open pine conditions 
during portions of a typical 25–35 year rotation (Jones, Hanberry & Demarais, 2009; Iglay, 
Demarais, Wigley & Miller, 2012).  The Southeast is the largest timber-producing region of the 
United States in area and volume (Haynes, 2002). To meet demands for timber and fiber 
production, southeastern pine plantations have increased in area from 810,000 ha in 1952 to 12 
million ha by 1999 (Conner & Hartsell, 2002; Prestemon & Abt, 2002). With such a large spatial 
footprint on the landscape, many timber companies have enrolled in forest certification 
programs, under pressure from mills and distributors in support of purchasing sustainably grown 
forest products. These programs are designed to enhance environmental, biodiversity and 
aesthetic sustainability in working forest landscapes. The Sustainable Forestry Initiative (SFI) is 
the world’s largest single forest certification standard by area as of 2018 and provides various 
guidelines on how working pine forests should be managed to promote sustainability 
(Sustainable Forestry Initiative, 2018). SFI’s biodiversity principle for forest managers to 
achieve SFI-certification includes forest management to “protect and promote biological 
diversity, including animal and plant species, wildlife habitats and ecological or natural 
community types” (Sustainable Forestry Initiative, SFI 2015-2019 Standards and Rules). 
According to SFI standards for visual quality, clear cuts should not exceed a regional average of 
120 hectares and trees in recently harvested areas must be at least 3 years old or 5 feet high 
before adjacent areas are clear cut (Sustainable Forestry Initiative, 2015).  
  Management standards that constrain composition or heterogeneity of the landscape 
could have major biological implications depending on associations of grassland and scrub-shrub 
species with clear cut area and proximity. A common assumption is that cut over patches are 
devoid of species as mature forest is converted; but evidence suggests that even-aged forest 
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management results in a complete turnover in bird communities during stand regeneration 
(Childers Sharik & Adkisson, 1986; Robinson & Thompson, 2001). In fact, studies have shown 
members of early-successional specialist guilds favored planted pine clear cuts and made regular 
use of green tree retention areas and SMZ’s within managed forest landscapes (Parrish et al. 
2017; Hanberry Hanberry, Riffell, Demarais & Jones, 2012). Thus, studies examining the effects 
of spatial patterning produced from harvest cycles in managed pine landscapes are of increasing 
prevalence (e.g., Wigley et al. 2000, Loehle et al. 2005, 2006, Greene et al. 2016). 
 The use of current landscape ecology methods and hypotheses can be potentially helpful 
to answer questions about clear cut size and configuration in managed pine systems. Fahrig 
(2013) proposed that it is not configuration that is the main driver of species richness, but the 
amount of a species’ habitat within the landscape. She proposed the Habitat Amount Hypothesis 
(HAH) stating ‘the patch size effect and the patch isolation effect are driven mainly by a single 
underlying process, the sample area effect (Fahrig, 2013). Fahrig (2013) proposed a sampling 
design by which to evaluate HAH, which can readily be applied in the dynamic forest mosaic of 
working pine forest to make inferences regarding biodiversity implications of spatial patterning 
of clear cuts. Additionally, Mitchell et al. (2006) suggested the Multi-dimensional Hypothesis 
(MDH), which suggests that it is not only landscape variables that influence avian diversity, but 
landform and local-level elements as well. This could influence management standards as size 
and proximity of clear cuts could differ in regions of greater landform heterogeneity. Using 
methods of HAH and MDH, I tested how the spatial patterning of clear cuts and mature pine 
forest on the landscape influence mature pine and early-successional bird communities and how 
these associations differ between pine flatwoods and hilly pine forest sites. Through testing these 
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hypotheses, I was also able to assess current SFI certifications standards that guide clear cut size 
and adjacency.  
Study Area 
The Southeastern Coastal Plain (SCP) region encompasses 188 million acres (761,000 
km2) of the South Atlantic and Gulf Coasts, and stretches from the Virginia Coastal Plains 
southward through the Florida Peninsula, and westward to the Gulf Coast of Texas and Mexico 
(Noss, 2014). The pine (Pinus spp.) forests of the SCP were historically described as open pine 
woodlands and savannas rich in vegetation with understories that supported diverse wildlife 
communities at all levels of the forest  (Van Lear, Carroll, Kapeluck & Johnson, 2005; Mitchell 
& Duncan, 2009). The increased demand for wood and fiber products has resulted in a shift to 
monoculture working pine silviculture over time in much of the region.  Working pine 
woodlands comprise 15.8 million ha in the Southeastern Mississippi Coastal Plain region (Wear 
& Gries, 2012).   
My study sites were located within two geographically different areas within the SCP in 
Mississippi, USA. The pine flatwoods of the Upper Coastal Plain of Kemper County (32°520’N, 
88°330’W) and hilly pine woodlands of northeast Webster (33.5707° N, 89.2847° W) and 
southwest Chickasaw Counties (33.8819° N, 89.0179° W; Figure 2.1). My study sites included 
mature pine (≥15 years’ post-establishment) and early-successional (cut over and young planted 
pine; 0-3 years’ post-harvest/planting) forest stands established and maintained by Weyerhaeuser 
Company. These sites were characterized by mostly contiguous forested land and represented 
approximately 116 km2 and 76 km2 of loblolly pine (P. taeda) plantations in Kemper/Noxubee 
and Webster/Chickasaw/Calhoun counties, respectively. Stands range from 0.13 acres to 37,390 
acres with an average stand size of 35.27 (46.37 SD) for mature pine stands. Early-successional 
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stands range from 0.66 acres to 11,689 acres with an average stand size of 85.45 (44.31 SD). The 
Weyerhaeuser sites consist of 85% working loblolly pine stands of various ages; 12% mature 




A multi-stage stratified random sampling design was used to ensure an unbiased sample 
of bird abundance in both early-successional and mature pine forest stands. The sampling frame 
consisted of all early-successional and mature pine stands within the project area boundaries on 
Weyerhaeuser properties within the Kemper/Noxubee and Webster/Calhoun/Chickasaw study 
sites which would further be delineated to yield the final survey points (Figure 2.2).  The multi-
stage stratified random sampling design was based off recommendations set forth by Fahrig 
(2013) to assess the HAH and intended to control variation by constraining strata within 
thresholds of amount and proximity of target vegetation types within a 2 km radius landscape of 
the sampled stand. I examined landscape metrics within a 0.5, 1, and 2 km radial buffer of the 
survey point to assess how best quantify the surrounding landscape. In wanting to have a diverse 
sample of patches of different sizes and proximities I choose a 2 km radial buffer of the 
landscape, which was also chosen based on the focal species in the study with the largest home 
range, the American Kestrel (Falco sparverius; Table 2.1).   To ensure a probabilistic sample, I 
used spatial stand boundaries provided by Weyerhaeuser to classify the landscape by stand age 
and type. Due to a lack of current spatial data identifying cut-over and regenerating patches on 
non-Weyerhaeuser lands, I used 2018 4-band, 1-m resolution National Agricultural Imagery 
Program (NAIP) aerial imagery. Using the classifier tool in ArcMap, I defined early-successional 
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patches on areas within the 2 km surrounding landscape (USDA-FSA-APFO Aerial Photography 
Field Office, 2014). I used 30 training polygons from known early-successional age classes to 
identify a range of spectral response patterns and classify recent cutover/regenerating pine 
patches ≤ 3 years old (approximately).  Since avian species use multiple types of early-
successional vegetation structure across the landscape, I also supplemented the classified data 
with NLCD 2016 land cover classes herbaceous-successional, pasture/hay, and row crop when 
present within the area (Yang et al. 2018). For mature pine stands outside of Weyerhaeuser 
ownership, I used NLCD land cover change data (2001-2016) to identify evergreen forest 
patches that are estimated to be ≥15 years old (Yang et al. 2018).  
Once I classified the 2 km landscape surrounding each early-successional and mature 
pine forest stand, I separated the landscapes into four strata based on recommendations in Fahrig 
(2013) for empirically testing the Habitat Amount Hypothesis to ensure equal representation of 
sampling points for each stratum. Strata consisted of stands with high or low amounts of early or 
mature planted pine and a high or low proximity to neighboring stands of a similar age class 
(Figure 2.3). I used FRAGSTATS (McGarigal, Cushman & Ene, 2012) to delineate the 
proportion of landscape (PLAND) in early-successional or mature pine age classes (e.g., amount) 
and proximity index (PROX) to determine the spatial context of a habitat patch in relation to its 
neighbors of the same class. To maximize spatial replication, I used the 50% quartile to delineate 
between stands of high and low size and proximity (Table 2.2). This resulted in four strata levels 
within each target age class (high amount/high proximity, high amount/low proximity, low 
amount/high proximity and low amount/low proximity), providing the basis for comparison 
across strata to determine effects of habitat amount vs. patch configuration (as approximated by 
patch proximity) on estimated avian species richness and abundance (Fahrig, 2013). To ensure 
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that an equal number of survey points were distributed in each strata, a random sample of 45 
points were placed in each strata across the two age classes. However, since early-successional 
stands were limited all stands were chosen to survey. I used 0.7 meter DEM tiles obtained from 
Mississippi Automated Resource Information System (MARIS) in my study of counties to 
determine the mean elevation within a 250 m buffer of the survey points. I used the slope and 
aspect tool in ArcGIS to attain mean slope and aspect within the 250 m buffer to determine the 
landform variables. 
Avian and Vegetation Sampling  
I conducted 10-minute variable radius point transect bird surveys at stand centroid points 
within each of the four amount-proximity strata, within early-successional and mature pine 
stands.  I sampled bird survey points once per 2019 and 2020 breeding season (14 May – 16 
July) to maximize spatial replication within strata. I recorded temperature (F), percent cloud 
cover, noise level and wind speed using the Beaufort scale at the beginning of each survey. I 
conducted surveys from sunrise to 10 am CST, after which bird activity significantly declines, on 
days with no precipitation and wind speeds <19 kph to avoid impacts to detectability. I recorded 
all unique visual and aural detections of singing males into 1-minute intervals for a 10 min 
survey period and placed detected individuals into distance bands (0-25, 25-50, 50-100, 100-250, 
>250 m) using a TruPulse range finder.  
I also conducted vegetation structure sampling at each bird survey point to facilitate 
analysis of vegetation associations with bird occurrence. For both early-successional and mature 
pine groups, I estimated percent ground cover (vine, dead down wood, herbaceous, forb, woody, 
dead grass, live grass, litter, and bare ground) using a 1-m2 Daubenmire frame for ground nesting 
species. I collected ocular estimates of percent shrub/understory cover in 0-1 and 1-3 meters in 
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height categories within a 3.6 m radius at the center point of the stand to access associations for 
shrub nesting species. I also measured horizontal cover/visual obstruction in 10 cm increments 
using a Robel pole to examine cover provided for ground foraging species (Robel, 1970).  Due to 
the nature of early-successional vs. mature pine stands, I measured overstory cover and/or tree 
density using different approaches.  To understand the structural characteristics of each stand, I 
measured mean sapling height by walking a 10 meter transect in each cardinal direction and 
measuring the heights of all saplings within one meter of the transect for stands classified as 
early-successional. For mature pine stands, I calculated mean overstory canopy height (m) by 
averaging the measurement of the three tallest trees. I obtained the basal area (m2) using a 10-
factor angle gauge of both hardwood and pine species, then estimated the percent overhead 
canopy cover by using a concave Model-C spherical densiometer by taking measurements in 
each cardinal direction and averaging them (Lemmon, 1956).  Since retained structures are 
important point for cavity nesting species I also recorded of the number of snags > 20 cm DBH 
within a 15.3 meter radius around the stand center (Bull, Holthausen & Marx, 1990).   
Statistical Analysis 
Hierarchical community models estimate species occurrence probabilities while 
accounting for imperfect detection (Dorazio and Royle, 2005; Dorazio, Royle, Söderström & 
Glimskär, 2006). I assessed the early-successional and mature pine bird community using a 
hierarchical fixed-effects community occupancy model with continuous covariate to explain 
species effects within a Bayesian framework. The communities are defined by the species 
detected at either early-successional or mature pine points in this study. The community model is 
composed of two levels and estimates detection and community measures using detection and 
non-detection of individual species. The model incorporates metrics that may influence avian 
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communities including landscape (2 covariates including amount and proximity), landform (3 
covariates including elevation, aspect, and slope) and local level variables (vegetation structure 
and composition characteristics within a 15.3 plot of the survey point unique to each community; 
Tingley & Beissinger, 2013). 
This model produces estimates of occupancy for multiple species simultaneously while 
retaining species identity and treating each variable as a fixed-effects. The model provides 
estimates of species richness for each individual and the community responses to the 
environmental variables based on these estimates (Kery & Royle, 2016). This is done by building 
a community model made of individual component models for the presence/absence of each 
species. This model is an expanded version of the single species site occupancy models 
described by Kery & Royle (2016) as it combines the species, site, and replication data into a 3-
dimensional framework which is considered more effective than carrying out individual 
occupancy models for each species (Mackenzie et al. 2002; Kery & Royle, 2016). The two-level 
hierarchical community model consisted of detection frequency data and included ysumik for 
species k at point i. For early-successional species, k = 1. . . 66 at i = 1. . . 93 points, whereas k = 
1. . . 68 at i = 1. . . 93 for mature pine species, where: 
Process Model: 
Observation model: 
zik ~ Bernoulli(𝜓i k) 
ysumik | zik ~ Binomial (Ji, zik pk) 
 
(3.1) 
Here, z was the indicator of occurrence and Ji is the number of surveys indexed by point. Since I 
stratified by species every quantity was also indexed by k, allowing occupancy and detection 
probability to be different for every species. No relationship among species was imposed on the 
species-specific parameters of occupancy (𝜓i k) and detection probability (pk).  
 
96 
I incorporated landscape, landform and local-level variables in the occupancy estimates 
by assuming that the logit transform of the occurrence probability was a linear combination of a 
species effect and the specific landscape, landform, or local-level characteristics The two 
elements of the landscape I choose were defined as: the spatial context of a habitat patch in 
relation to its neighbors of the same class (PROX) and the proportion of the defined vegetation 
type within the 2km buffer (PLAND). I used mean elevation, mean slope, and mean aspect 
within the 250 m buffer as three elements of landform variables. I chose three elements of the 
local vegetation conditions which differed by stand classes based on prior and presumed 
knowledge of the most common species-habitat requirements (Tirpak et al, 2009). For the early-
successional avian community, I chose pine seedling height, shrub cover 0-1 m in height, and 
herbaceous ground cover important for foraging, cover, and nesting requirements of many 
species. Similarly, for the mature pine avian community, I chose pine basal area, percent canopy 
cover, and 0-1 m shrub cover to summarize mature pine conditions. The model for both the 
early-successional and mature pine avian community consisted of : 
logit (𝜓i) = 𝛽i + 𝛽1i proximity + 𝛽2i amount + 𝛽3i slope + 𝛽4i elevation + 𝛽5i aspect 
+ 𝛽6i …𝛽xi (species-specific local-level covariates) 
(3.2) 
  I first normalized landscape, landform, and local-level data using a log transformation 
and back-transformed the landscape, landform and vegetation covariates before reporting them. I 
ran 3 Markov chain Monte Carlo (MCMC) chains of 100,000 iterations of each species model in 
program JAGS (Plummer, 2003) using a 10,000 iteration adaptation phase, a burn-in of 5000, 
thinning at every 5 iterations to reduce autocorrelation in the model. I assessed model 
convergence using the Gelman-Rubin potential scale reduction parameter (?̂?), where ?̂?= 1 at 
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convergence (Gelman & Rubin, 1992). I accepted coefficient estimates with ?̂?less than 1.1 
assess initial model convergence. Additionally, I examined trace and density plots of the 
posteriors to ensure proper mixing of chains.  For the availability and detectability components 
of the models, I used Bayesian P values generated from the posterior predictive distributions to 
assess goodness-of-fit (Gelman, Meng & Stern, 1996), where a P value close to 0.5 indicates 
adequate model fit. In addition to assessing model fit, I extracted beta coefficients for each 
covariate and plotted the early-successional and mature pine bird community associations with 
landscape covariates. 
Results 
I detected 3,356 individuals and 66 species across 93 early-successional stands in the 
2019 and 2020 breeding season. In mature pine stands, I detected a total 5,019 individuals and 68 
unique species across 158 stands between the 2019 and 2020 breeding seasons. Detections on 
greater than 45 points per a given species yielded the most precise estimates (Tables 3.3 and 3.4). 
Mean probabilities of occurrence varied among early-successional species, ranging from 0.217 
(0.042, 0.767) for American Goldfinch to 0.989, (0.962, 0.989) for Yellow-breasted Chat and 
detection was low for many species varying from 0.133 (0.017, 0.495) for Hooded Warbler to 
0.983 (0.960, 0.997) for Yellow-breasted Chat (Figure 3.4). The mature pine community had 
equally wide occupancy probabilities from 0.197 (0.005, 0.886) for Cedar Waxwing to 0.973 
(0.929, 0.999) for Northern Cardinal, and detection probabilities from 0.103 (0.019, 0.378) for 
Fish Crow to 0.792 (0.739, 0.841) for Northern Cardinal (Figure 3.5). Generally, detection 




The landscape, landform, and local level covariates had little effect on richness within 
both the early-successional and mature pine avian communities. For the early-successional 
community, the greatest positive effect to species richness resulted from the landform covariates 
for slope (beta = 0.104, SE = 0.0397) and aspect (beta = 0.093, SE= 0.0451). While Local level 
covariates for 0-3ft shrub cover (beta = -0.193, SE= 0.0573), seedling height (beta = -0.163, SE= 
0.0623), and herbaceous ground cover (beta = -0.043, SE= 0.0535) seemed to have the greatest 
negative effects on species richness (Table 3.5). For the mature pine community the greatest 
positive effect on species richness came from landscape covariates for amount (beta = 0.245, 
SE= 0.0428) and proximity (beta = 0.105, SE= 0.0351) of mature pine stands within the 
landscape. Local-level covariate such as 0-3ft shrub cover (beta = 0.195, SE = 0.0416) also had a 
positive effect on richness of mature pine species. Landform covariates for elevation (beta = -
0.047, SE= 0.0216), slope (beta = -0.033, SE= 0.0379), and aspect (beta = 0.016, SE= 0.0578) 
seemed to have the greatest negative effects on species richness in mature pine stands (Table 
3.6).  
When plotted, the landscape covariates show little effect on species richness. For the 
figures symbols denote point estimates with 95% credible intervals (CRI’s) from fixed effect 
community model. Gray line under the blue line is a spline smooth with weights equal to the 
reciprocal of the squared posterior standard deviations. Blue line is the linear regression line 
estimated in the meta-analysis that accounts for both estimation error (posterior standard 
deviations) and residual variation around the regression line. The dashed blue lines give the 95% 
CRI of the prediction. Amount of early-successional conditions (PLAND) showed no 
relationship with estimated avian species richness (Figure 3.6). The same occurred with the 
relationship between spatial context of a habitat patch in relation to its neighbors of the same 
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class (PROX) and estimated avian species richness (Figure 3.7). Landscape covariates for 
amount (PLAND) and proximity (PROX) of mature pine stands within the landscape had greater 
positive effects compared to early-successional stands, but differences were small and 
graphically look identical (Figure 3.8 and 3.9).  
Discussion 
I found that mature pine stands and regenerating clear cuts support numerous bird 
communities, including many species experiencing long-term population declines (e.g., Northern 
Bobwhite [Colinus virginianus], Eastern Kingbird [Tyrannus tyrannus], Wood Thrush 
[Hylocichla mustelina], Brown Thrasher [Toxostoma rufum], Eastern Towhee [Pipilo 
erythrophthalmus], Field Sparrow [Spizella pusilla], and Indigo Bunting [Passerina cyanea]).  
These forests can clearly contribute to the diversity of avian communities especially when paired 
with sustainable forest management practices. Thus, while forests managed under these 
guidelines can contribute to diverse avian communities, it is important to use biological evidence 
for developing management practices at a larger scale, as there is still room for improvement. In 
this study, I show that landscape level factors, though small in magnitude, had the greatest 
influence on estimated species richness for the mature pine bird community compared to 
landform and local-level covariates. This is consistent with other studies in which landscape 
features had greater effects on bird communities compared to local level features (e.g., Bélisle & 
Desrochers, 2002; Robichaud, Villard & Machtans, 2002; Robertson & Radford, 2009). 
However, this does not mean local level features should be ignored, as they were still important 
for the mature pine bird community in this study and are important for other life history 
processes, such as nest selection and nest success (Mattsson & Niemi, 2006).  
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My results are consistent with Mitchell et al. (2006) where elements of landform were 
more positively related to early-successional bird communities than mature pine forest species. 
Specifically, richness of mature forest bird communities, was negatively associated with terrain 
exposure, aspect and slope. Unlike Mitchell et al. (2006), I observed more consistent evidence 
for effects of landscape configuration on individual species than that of studies based on avian 
communities (see chapter II). The flat line relationship seen in figure 3.6-3.9 could suggest there 
is another process that has a greater influence on estimated avian species richness or there is high 
variability between species so the average produces no effect. Additionally, the maximum 
composition of targeted vegetation conditions in the landscape were 20% for early-successional 
and 40% for mature pine. It could be that at this level these processes are not having much 
influence on predicted species abundance. In a review of fragmentation effects on birds and 
mammals, Andrén (1994) noted that habitat configuration had little or no effect on species 
richness or abundance beyond a 20–30% threshold in habitat cover.   
From these results, it is difficult to confirm Fahrig’s (2013) hypothesis that the amount of 
a species habitat is the sole predictor for richness, but it does confirm that isolation of patches did 
not negatively affect the early-successional or mature pine communities within working pine 
forests. In fact, a great number of animal species require two or more landscape elements to 
fulfill their biological needs (Forman & Godron, 1986). Spatial heterogeneity in vegetation on 
the landscape can benefit numerous other taxa as well, including: flowering plants (Quinn & 
Robinson, 1987), herbivores (Bowman et al. 2016; Searle, Hobbs & Jaronski, 2010), and 
pollinators (Andersson, Ekroos, Stjernman, Rundlöf & Smith, 2014). In general, industry-
managed forests can provide important habitats for many species and opportunities to enhance 




 Understanding the influence of landscape structure on spatial patterns of species 
abundance is an important component of developing prescriptive management recommendations 
to conserve biological resources. Results from my study indicate that the presence of many 
species can be significantly predicted by landscape structure, irrespective of microhabitat 
features. However, managers should consider landform when implementing forest management 
on the landscape, especially with mature bird communities which could be sensitive to size and 
configuration of forest stands (as there are already negatively influenced by slope and aspect). 
Managers should be mindful of those key habitat features that are vital to certain species (e.g., 
snags for cavity nesters, litter ground cover for ground nesters). Although increasing the amount 
of early-successional and mature pine vegetation conditions did not positively influence bird 
communities, it is still recommended that management standards altering landscape features be 
based on biological evidence, as these factors may impact bird communities more than other 
features. Moreover, while proximity of patches did not show any significant relationship with 
bird communities, it is important to understand distance thresholds to which birds will perceive it 
safe or energetically economical enough to cross the matrix. Birds with higher mobility may be 
more able to move freely among fragments in some cases (Fraser & Stutchbury, 2004; Churchill 
& Hannon, 2010) resulting in a low response to isolation. However, some species are reluctant to 
cross small gaps and show altered movement behavior in heterogeneous landscapes (Bélisle & 
Desrochers, 2002; Robertson & Radford, 2009).  Although we did not test these thresholds, 
future research should examine these movements to the specific spatial arrangement of their 





Table 3.1 The territory size (hectare, m2), migrant status and associated habitat of focal 




(hectares) Territory Size (m2) 
Migrant 
Status Habitat 
American Goldfinch - - R FE 
American Kestrel* 
450 - 520 
4,500,000 – 
5,200,000 S GR 
Bachman’s Sparrow* 0.620 - 5.20 6,200 – 51,000 R FE 
Blue Grosbeak* 0.610 - 6.19 6,000 – 61,900 N SS 
Brown Thrasher*  0.520 - 1.13 5,000 – 11,300 S SS 
Common Nighthawk  0.410 - 2.80 4,100 – 28,000  N GR 
Common Yellowthroat  0.800 - 1.80 8,000 18,000 N SS 
Eastern Bluebird  1.10 - 8.40 11,000 – 84,000 R GR 
Eastern Kingbird* - - N GR 
Eastern Meadowlark 1.20 - 6.20 12,000 – 62,000 R GR 
Eastern Towhee* 0.710 - 0.165 7,000 – 16,500        S SS 
Field Sparrow* 0.310 - 1.63 3,100 – 16,300 S SS 
Grasshopper Sparrow  0.190 - 1.80 1,900 – 18,000 S GR 
Gray Catbird 0.200 - 0.410 2,000 – 4,100 N FE 
Indigo Bunting* 0.400 – 8.00 4,000 – 80,000 N FE 
Northern Bobwhite* 10.0 – 60.0 100,000 – 600,000 R GR 
Orchard Oriole Semi-colonial Semi-colonial N FE 
Prairie Warbler* 0.500 - 3.50 5,000- 35,000 N SS 
Song Sparrow 0.280 - 0.600 2,800 – 6,000 N FE 
White-eyed Vireo  0.140 - 1.30 1,400- 13,000 S SS 
Yellow-breasted Chat 0.040 - 1.30 400 – 13,000 N SS 
*EGCPJV priority species    
aMigrant status abbreviations: R- Resident, S - Short distance migrant, N – Neotropical migrant 
bHabitat abbreviations: FE - Forest Edge, GR -Grassland, SS - Scrub-Shrub 









Table 3.2 The 50% Quartiles for Delineating the Landscape into High and Low Amount and 
Proximity Categories within each defined vegetation type in the 2km buffer. 
 Early-Succession Mature Pine 
High Low High Low 
PROX >60.82 <60.82 >114.27 <114.27 





Table 3.3 Common name of all avian species detected in early-successional stands within working pine forests in northern 












95% CI Detection 
Probability 
95% CI 
Acadian Flycatcher 1 22.46 1.08 90.32 0.230 0.008, 0.904 0.167 0.004, 0.737 
American Crow 74 96.68 89.25 100.00 0.957 0.868, 0.998 0.571 0.492, 0.652 
American Goldfinch 5 21.07 5.38 79.57 0.217 0.042, 0.767 0.279 0.040, 0.686 
American Kestrel 2 26.78 2.15 91.40 0.273 0.018, 0.909 0.152 0.009, 0.632 
Bachman’s Sparrow  3 31.75 3.23 93.55 0.321 0.032, 0.936 0.142 0.012, 0.554 
Barn Swallow 10 54.16 16.13 97.85 0.541 0.154, 0.967 0.143 0.044, 0.391 
Black-and-white Warbler 17 63.24 29.03 97.85 0.629 0.276, 0.977 0.184 0.083, 0.376 
Blue-gray Gnatcatcher 13 61.31 23.66 98.92 0.611 0.223, 0.979 0.147 0.057, 0.350 
Brown-headed Cowbird 49 86.48 67.74 100.00 0.857 0.654, 0.993 0.381 0.285, 0.506 
Brown-headed Nuthatch 1 21.83 1.08 89.25 0.224 0.007, 0.902 0.166 0.004, 0.741 
Blue Grosbeak 15 48.13 20.43 93.55 0.482 0.194, 0.937 0.239 0.089, 0.484 
Blue Jay 64 95.92 86.02 100.00 0.949 0.840, 0.998 0.433 0.355, 0.517 
Black Vulture 3 28.93 3.23 92.47 0.294 0.025, 0.917 0.180 0.014, 0.693 
Bobolink 1 21.98 1.08 89.25 0.225 0.007, 0.880 0.169 0.004, 0.735 
Brown Thrasher 16 60.90 26.88 97.85 0.607 0.251, 0.974 0.183 0.079, 0.388 
Carolina Chickadee 19 55.76 26.88 95.70 0.556 0.250, 0.955 0.245 0.107, 0.479 
Cattle Egret 1 22.21 1.08 90.32 0.228 0.007, 0.898 0.167 0.004, 0.743 
Canada Goose 1 21.30 1.08 89.25 0.219 0.007, 0.893 0.170 0.004, 0.735 
Eastern Kingbird 47 85.01 65.59 100.00 0.843 0.629, 0.992 0.374 0.276, 0.505 





Table 3.3 (Continued)  
Chipping Sparrow 9 48.83 12.90 96.77 0.489 0.121, 0.958 0.156 0.041, 0.458 
Common Grackle 1 21.75 1.08 89.25 0.223 0.007, 0.902 0.167 0.004, 0.750 
Common Yellowthroat 79 96.95 91.40 100.00 0.960 0.881, 0.999 0.638 0.560, 0.716 
Downy Woodpecker 5 36.68 6.45 94.62 0.370 0.058, 0.945 0.159 0.022, 0.534 
Eastern Bluebird 23 49.36 29.03 89.25 0.494 0.263, 0.897 0.343 0.158, 0.573 
Eastern Phoebe 3 31.55 3.23 93.55 0.319 0.032, 0.933 0.143 0.013, 0.543 
Eastern Towhee 74 90.12 82.80 98.92 0.893 0.788, 0.986 0.698 0.604, 0.786 
Eastern-wood Pewee 27 75.79 45.16 98.92 0.752 0.438, 0.987 0.228 0.136, 0.380 
Fish Crow 3 31.38 3.23 93.55 0.318 0.032, 0.932 0.144 0.013, 0.556 
Field Sparrow 59 89.07 75.27 100.00 0.882 0.722, 0.994 0.479 0.382, 0.593 
Great Blue Heron 1 21.51 1.08 90.32 0.221 0.007, 0.892 0.171 0.004, 0.746 
Great Crested Flycatcher 16 51.54 22.58 95.70 0.515 0.214, 0.948 0.232 0.093, 0.465 
Gray Catbird 16 61.38 26.88 97.85 0.611 0.252, 0.974 0.182 0.079, 0.388 
Hermit Thrush 1 22.48 1.08 90.32 0.231 0.008, 0.898 0.164 0.004, 0.746 
Hooded Warbler 10 55.79 17.20 97.85 0.557 0.169, 0.973 0.133 0.043, 0.353 
Indigo Bunting 93 100.00 100.00 100.00 0.989 0.962, 0.989 0.961 0.929, 0.984 
Kentucky Warbler 2 26.67 2.15 91.40 0.271 0.018, 0.925 0.153 0.008, 0.630 
Mourning Dove 70 91.38 81.72 100.00 0.905 0.781, 0.994 0.588 0.494, 0.689 
Northern Bobwhite 57 91.81 77.42 100.00 0.909 0.751, 0.997 0.417 0.331, 0.520 
Northern Cardinal 83 98.35 94.62 100.00 0.973 0.914, 0.999 0.668 0.594, 0.739 
Northern Flicker 4 36.77 5.38 94.62 0.371 0.048, 0.938 0.133 0.017, 0.495 
Northern Mockingbird 27 57.70 35.48 93.55 0.575 0.331, 0.934 0.336 0.177, 0.539 
Northern Rough-winged Swallow 1 21.63 1.08 90.32 0.222 0.007, 0.890 0.170 0.004, 0.743 
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Prairie Warbler 92 99.85 98.92 100.00 0.988 0.957, 0.978 0.929 0.887, 0.962 
Purple Martin 6 40.83 7.53 95.70 0.410 0.074, 0.949 0.150 0.027, 0.498 
Red-bellied Woodpecker 46 87.13 67.74 100.00 0.864 0.652, 0.994 0.346 0.255, 0.466 
Red-eyed Vireo 11 33.59 13.98 84.95 0.339 0.118, 0.847 0.278 0.080, 0.579 
Red-headed Woodpecker 35 79.08 53.76 98.92 0.785 0.519, 0.989 0.293 0.192, 0.437 
Red-shouldered Hawk 18 72.39 35.48 98.92 0.719 0.346, 0.987 0.155 0.078, 0.306 
Ruby-throated Hummingbird 8 30.91 9.68 88.17 0.313 0.081, 0.876 0.252 0.052, 0.605 
Red-tailed Hawk 4 35.94 5.38 94.62 0.362 0.048, 0.941 0.136 0.017, 0.494 
Red-winged Blackbird 2 27.75 2.15 92.47 0.282 0.018, 0.918 0.150 0.009, 0.627 
Summer Tanager 31 80.30 52.69 100.00 0.797 0.509, 0.991 0.241 0.153, 0.378 
Tufted Titmouse 23 75.13 43.01 98.92 0.746 0.406, 0.988 0.193 0.109, 0.344 
Turkey Vulture 17 62.82 29.03 97.85 0.625 0.276, 0.978 0.185 0.083, 0.376 
White-eyed Vireo 53 79.65 65.59 97.85 0.790 0.617, 0.971 0.501 0.379, 0.631 
Wild Turkey 4 36.29 5.38 94.62 0.366 0.048, 0.942 0.136 0.017, 0.495 
Wood Thrush 11 58.77 19.35 97.85 0.586 0.192, 0.976 0.135 0.047, 0.340 
Yellow-breasted Chat 93 100.00 100.00 100.00 0.989 0.962, 0.987 0.983 0.960, 0.997 
Yellow-billed Cuckoo 16 68.96 31.18 98.92 0.686 0.305, 0.985 0.149 0.069, 0.310 
Yellow-bellied Sapsucker 1 21.89 1.08 90.32 0.225 0.007, 0.891 0.167 0.004, 0.741 







Table 3.4 Common name of all avian species detected in mature pine stands within working pine forests in northern Mississippi 
and associated observed occurrence, and occupancy and detection probability with 95% credible intervals. 

















Acadian Flycatcher 10 46.57 10.32 98.06 0.458 0.101, 0.961 0.115 0.027, 0.356 
American Crow 117 94.07 85.16 100.00 0.918 0.814, 0.995 0.571 0.496, 0.653 
American Goldfinch 3 28.98 1.94 94.19 0.287 0.020, 0.917 0.121 0.008, 0.524 
Bachman’s Sparrow 2 24.43 1.29 92.26 0.243 0.012, 0.920 0.135 0.005, 0.604 
Barn Swallow 2 24.66 1.29 92.26 0.245 0.012, 0.927 0.132 0.005, 0.620 
Black-and-white Warbler 68 88.46 68.39 100.00 0.863 0.662, 0.994 0.300 0.229, 0.395 
Barred Owl 1 19.84 0.65 89.03 0.198 0.005, 0.892 0.153 0.003, 0.725 
Blue-gray Gnatcatcher 67 84.68 63.87 100.00 0.827 0.611, 0.990 0.315 0.233, 0.429 
Brown-headed Cowbird 38 54.39 33.55 90.97 0.533 0.314, 0.890 0.296 0.160, 0.466 
Brown-headed Nuthatch 16 59.48 20.00 100.00 0.582 0.193, 0.977 0.116 0.043, 0.289 
Blue Grosbeak 2 25.05 1.29 92.90 0.249 0.012, 0.902 0.131 0.005, 0.611 
Blue Jay 128 99.00 92.90 100.00 0.965 0.896, 0.999 0.586 0.524, 0.650 
Brown Thrasher 3 28.49 1.94 93.55 0.282 0.020, 0.921 0.121 0.008, 0.529 
Broad-winged Hawk 4 32.40 3.23 94.84 0.320 0.030, 0.936 0.114 0.011, 0.478 
Carolina Chickadee 76 79.28 62.58 99.35 0.774 0.593, 0.971 0.401 0.297, 0.524 
Canada Goose 1 20.86 0.65 91.61 0.208 0.005, 0.873 0.146 0.003, 0.722 
Carolina Wren 111 93.93 83.87 100.00 0.916 0.801, 0.995 0.516 0.441, 0.603 
Cedar Waxwing 1 19.71 0.65 90.32 0.197 0.005, 0.886 0.152 0.003, 0.734 
Chipping Sparrow 7 41.81 7.10 97.42 0.411 0.067, 0.957 0.106 0.019, 0.376 
Chimney Swift 2 24.42 1.29 91.61 0.243 0.012, 0.893 0.133 0.005, 0.614 
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Cooper’s Hawk 3 29.46 1.94 93.55 0.292 0.020, 0.914 0.118 0.008, 0.525 
Common Yellowthroat 19 46.14 18.06 94.84 0.453 0.171, 0.923 0.190 0.069, 0.415 
Chuck-wills-widow 1 20.04 0.65 89.68 0.200 0.005, 0.872 0.151 0.003, 0.718 
Downy Woodpecker 29 54.03 27.10 96.13 0.530 0.257, 0.949 0.228 0.102, 0.422 
Eastern Bluebird 3 28.01 1.94 93.55 0.278 0.021, 0.930 0.122 0.008, 0.529 
Eastern Kingbird 3 29.83 1.94 94.84 0.295 0.020, 0.924 0.119 0.008, 0.537 
Eastern Phoebe 4 33.18 3.23 96.13 0.328 0.030, 0.928 0.113 0.011, 0.472 
Eastern Towhee 119 85.02 80.00 92.26 0.830 0.746, 0.916 0.714 0.635, 0.785 
Eastern-wood Peewee 45 78.15 49.68 100.00 0.763 0.476, 0.987 0.221 0.143, 0.351 
Fish Crow 7 42.14 7.10 97.42 0.415 0.067, 0.946 0.103 0.019, 0.378 
Field Sparrow 2 24.40 1.29 91.61 0.243 0.011, 0.907 0.133 0.005, 0.614 
Great Blue Heron 3 30.21 1.94 94.84 0.299 0.021, 0.922 0.117 0.008, 0.537 
Great Crested Flycatcher 45 72.07 44.52 100.00 0.705 0.427, 0.979 0.248 0.152, 0.399 
Gray Catbird 17 62.00 22.58 100.00 0.607 0.211, 0.980 0.114 0.046, 0.287 
Hermit Thrush 5 35.14 4.52 95.48 0.347 0.041, 0.933 0.111 0.013, 0.431 
Hooded Warbler 104 86.86 76.13 99.35 0.848 0.724, 0.974 0.547 0.455, 0.642 
Indigo Bunting 104 94.36 83.23 100.00 0.920 0.798, 0.996 0.480 0.408, 0.564 
Kentucky Warbler 53 87.85 63.87 100.00 0.857 0.611, 0.995 0.219 0.158, 0.311 
Mourning Dove 74 82.13 64.52 100.00 0.802 0.612, 0.983 0.377 0.283, 0.492 
Northern Bobwhite 36 59.61 34.19 96.13 0.584 0.321, 0.945 0.251 0.133, 0.420 
Northern Cardinal 148 99.79 96.77 100.00 0.973 0.929, 0.999 0.792 0.739, 0.841 
Norther Flicker 25 72.32 34.19 100.00 0.707 0.328, 0.986 0.130 0.068, 0.265 
Northern Mockingbird 10 47.28 10.32 98.71 0.464 0.100, 0.960 0.113 0.027, 0.354 
Northern Parula 6 38.80 5.81 96.77 0.382 0.055, 0.949 0.107 0.016, 0.407 
Orchard Oriole 2 23.41 1.29 90.32 0.233 0.011, 0.896 0.132 0.005, 0.609 
Pine Warbler 139 97.98 93.55 100.00 0.955 0.894, 0.997 0.724 0.663, 0.784 
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Table 3.4 (Continued) 
Pileated Woodpecker 28 77.06 41.94 100.00 0.753 0.404, 0.990 0.132 0.075, 0.240 
Prairie Warbler 33 62.07 33.55 98.06 0.608 0.317, 0.955 0.219 0.115, 0.388 
Red-bellied Woodpecker 82 89.84 72.90 100.00 0.876 0.702, 0.994 0.366 0.290, 0.465 
Red-eyed Vireo 110 90.52 80.65 100.00 0.883 0.767, 0.987 0.554 0.470, 0.644 
Red-headed Woodpecker 10 19.83 7.10 66.45 0.198 0.060, 0.631 0.288 0.064, 0.608 
Red-shouldered Hawk 17 60.21 20.65 100.00 0.589 0.199, 0.978 0.120 0.046, 0.300 
Red-tailed Hawk 1 19.58 0.65 89.03 0.196 0.005, 0.889 0.153 0.003, 0.734 
Ruby-throated Hummingbird 12 52.00 13.55 98.71 0.510 0.132, 0.966 0.112 0.033, 0.324 
Scarlet Tanager 2 23.65 1.29 90.97 0.235 0.012, 0.907 0.136 0.005, 0.601 
Summer Tanager 68 68.16 54.19 90.32 0.667 0.504, 0.882 0.434 0.311, 0.561 
Tufted Titmouse 110 97.46 88.39 100.00 0.950 0.854, 0.998 0.469 0.405, 0.540 
Turkey Vulture 4 33.04 3.23 95.48 0.326 0.030, 0.938 0.110 0.011, 0.472 
White-eyed Vireo 139 95.70 91.61 100.00 0.933 0.871, 0.986 0.776 0.715, 0.833 
Worm-eating Warbler 18 50.65 18.06 98.06 0.497 0.170, 0.953 0.164 0.057, 0.388 
Wild Turkey 9 26.45 6.45 85.81 0.262 0.059, 0.838 0.216 0.036, 0.566 
Wood Thrush 96 75.71 67.74 87.10 0.740 0.629, 0.866 0.600 0.499, 0.695 
Yellow-breasted Chat 129 93.27 87.74 100.00 0.910 0.832, 0.982 0.716 0.645, 0.782 
Yellow-billed Cuckoo 110 90.71 80.65 100.00 0.885 0.769, 0.987 0.559 0.476, 0.648 
Yellow-throated Vireo 25 74.47 36.77 100.00 0.728 0.362, 0.988 0.125 0.067, 0.247 
Yellow-throated Warbler 18 65.30 25.16 100.00 0.639 0.242, 0.982 0.111 0.048, 0.262 
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Table 3.5 Beta coefficients and standard error for the landscape, landform, and local-level 
covariates for the early-successional avian community in the 2019 and 2020 
breeding season within managed pine forest in North-central Mississippi. 
Classification Richness Estimate SE 
- (Intercept) 35.525 0.0407 
Landscape PLAND -0.093 0.0546 
Landscape PROX 0.004 0.0357 
Landform Elevation -0.024 0.0519 
Landform Slope 0.104 0.0397 
Landform Aspect 0.093 0.0451 
Local 0-3ft Shrub_cover -0.193 0.0573 
Local Seedling_Height -0.163 0.0623 





Table 3.6 Beta coefficients and standard error for the landscape, landform, and local-level 
covariates for the mature pine avian community in the 2019 and 2020 breeding 
season within managed pine forest in North-central Mississippi. 
Classification Richness Estimate SE 
- (Intercept) 36.858 0.0207 
Landscape PLAND 0.245 0.0428 
Landscape PROX 0.105 0.0351 
Landform Elevation -0.047 0.0216 
Landform Slope -0.033 0.0379 
Landform Aspect 0.016 0.0578 
Local 0-3ft Shrub cover 0.195 0.0416 
Local Pine_Basal_Area -0.038 0.0398 












Figure 3.1 Delineation of evergreen and mixed pine-hardwood forest cover within my five 





Figure 3.2 The process of supplementing the Weyerhaeuser stand data with NLCD and NAIP 






Figure 3.3 The four strata in the 0-3-year age class within the 2 km radius landscape within 
working pine forest in the Southeastern Coastal Plain region of Mississippi, as 





Figure 3.4 The mean occupancy and detections with 95% credible intervals for the observed 





Figure 3.5 The mean occupancy and detections with 95% credible intervals for the observed 





Figure 3.6 Relationship between the proportion of early-successional conditions (PLAND) 
and estimated avian species richness for the early-successional avian community 
within working pine forests in northern Mississippi, during the 2019-2020 
breeding season. 








































Figure 3.7 Relationship between proximity index (PROX) and estimated avian species 
richness for the early-successional avian community within working pine forests in 




Figure 3.8 Relationship between the proportion of mature pine conditions (PLAND) and 
estimated avian species richness for the mature pine avian community within 
working pine forests in northern Mississippi, during the 2019-2020 breeding 
season. 








































Figure 3.9 Relationship between proximity index (PROX) and estimated avian species 
richness for the mature pine avian community within working pine forests in 
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